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PREFACE

The work described in this report was carried out under
the direction of the Transportation Systems Center of the
U.S. Department of Transportation in the context of an overall
- project of the Federal Railroad Administration (FRA) to provide
. a technical basis for the improvement of rail transportation
service, efficiency and productivity. The work was sponsored
by the FRA Office of Research and Development, Office of
. Freighﬁ Systems.

The work reported here has been coordinated with the Asso-
. ciation of American Railroads (AAR) Advanced Coupling Concepts
Steering Committee. It is an element of a larger program initi-
ated by the FRA and AAR Joint Study Group on Advanced Coupler
» Concepts which contains both economic and technical elements.

This final report is organized into two volumes. The
. Executive Summary (Volume I) is an easily readable summary of
" the project to survey and assess coupler systems for railvfreight
cars. The Report (Volume II} includes the full documentation

and details of the project activity.

Kearney gratefully acknowledges the cooperation of the many
railroads, rapid transit companies, manufacturers, research and:
development organizations, U.S. Patent Office, AAR Technical
Center, AAR Advanced Concepts Steering Committee, and other inter-

' ested parties who provided the information required to conduct

a professional, objective study. We would also like to thank DOT

- personnel in the Transportation Systems Center and the Federal
Railroad Administration for their cooperation and assistance

: throughout the course of the study.

Finally, the authors are grateful to L.K. Kloss for his help

“in preparing this report.
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1. INTRODUCTION
1.1 OBJECTIVE AND SCOPE

The purpose of this study is to provide identification,
classification, and analysis of significant freight car coupling
systems concepts offering potential for improved performance and
operating costs over the present system. This study is being
carried out in coordination with the Association of American
Railroads (AAR) and the Railway Progress Institute (RPI) ad-
vanced coupling concepts program.

Research and development projects have been conducted by
industry suppliers and others over recent years to design various
coupler systems or coupler system components. The primary thrust
of the R&D effort has been for U.S. rapid transit appiication
or for European rail service. The functional concepts of these
advanced systems range in sophistication from increasing the
gathering range of the present coupler system to providing auto-
matic train line air connection and a complete redesign of the
mechanical coupler. Some of these systems are in the conceptual
stage; others have advanced beyond physical prototypes to actual
installation. To evaluate the potential of advanced coupling
systems for enhancing operating efficiency and for providing
greater safety in coupling operations, an organized review of
the proposed and existing advanced coupling concepts was required.
The review identifies those systems offering potential for major
improvements in the current freight coupling operations.

1.1.1 study Objectives

1) To assemble and synthesize information related to



advanced coupler systems in terms of their respective functional
concepts.

2) To identify, characterize, and select the most promising
concepts of these systems and group them into logical combinations
for candidate coupling systems which warrant further study.

. 3). To conduct an objective feasibility Study and preliminary
engineering -and cost analysis of the concepts in the candidate -
coupling system; specifically excluded is an estimate of the’
benefits of implementation.

1.1.2 Study Scope

The scope of the study includes advanced coupler .concepts
that have been proposed either. domestically or abroad, patented
or nonpatented, regardless of their respective stage of develop-
ment or degree of sophistication. - - '

The results of this project will be coordinated with the
ecoriomic ‘study of advanced coupler systems under AAR sponsorship.
For this reason, particular emphasis was placed upon evaluation
of advanced coupling systems from the functional standpoint as

they might impact railroad operatibnal procedures, safety and
efficiency of operations.

The scope of the study does not includes original research,
design of hardware, or development. The thrust of the study is
to review and characterize work performed by others and to
identify and evaluate concepts that could most readily effect
improvements in the rail freight industry.

1.2 BACKGROUND

In the early days of American railroading, freight, and




passenger cars were coupled together with links of chains. This
coupler system had many drawbacks, and was replaced by a link
and pin type‘coupler. The 1link and pin coupler was reasonably’
effective in holdihg cards together. However, to make up a
train, it was necessary for the brakeman to stand befween cars
during coupling, guide the link into the socket, and then drop
the pin that would hold the cars together. As a result, it was
respohsible for more deaths and injuries to railroad employees
than any ‘other single cause. (See Figure 1-1).

The need for an improved coupler system was apparent. In
1848, the filing of numerous coupler patents was begup by A. G. .
Heckrotte, although his device was not éccepted. Twelve years
later, D. A. Hopkins of Elmira, New York, patented a device
that was tried for a short time by the Erie Railroad, but later
abondoned as unsatisfactory. In 1863, Ezra Miller designed and
built a coupler system called the "Miller Hook." This was hailed
as the solution. Many. roads experimented'with it, but it,.foo,

was rejected.

In 1868, a former Confederate officer, Major Eli Hamilton
Janney, patented an automatic coupler. (See Figure 1-2). The
Janney coupler is recognized as the direct ancéstor of the
present-déy coupler. Coupling was accomplished by a movable
‘knuckle which closed automatically upon car engagement. Un-
coupling was accomplished by using a manually operated side lever.
Coupler problems still prevailed, since repair and replacement
of the Janney coupler was difficult, and miscoupling occurred
frequently because of a limited gathering range. Gathering range
is the amount of horizontal or vertical distance from the coupler
center line within which the coupler will operate properly when
coupling.
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FIGURE 1-1. LINK AND PIN COUPLER



MOVABLE KNUCKLE

FIGURE 1-2. THE JANNEY COUPLER

Coupler problems such as free slack were determined to be
related to application time and rate of buildup of the braking
force in the train. Accordingly, automatic coupler developmént
appears to parallel the development of the Westinghouse air brake
(first applied for passenger service in a demonstration run in
1869) and the first patented automatic air brake in 1872.



In 1877, the Pennsylvania Railroad tested the Janney coupler
and adopted it as standard equipment. This same year marks the
first recorded sale of automatic air brakes for freight service.
After further exhaustive tests, the Master Car Builders Associa-
tion, the predecessor to the AAR, adopted the automatic coupler
in 1882.

Improvements in automatic coupler desién'have continued up
to the present day. In 1916, an 1mproved ver31on of the Janney
coupler’ known as Type "D" was adopted as the standard -*The Type
"p" coupler featured interchangeable parts wh1ch were produced
by numerous. manufacturers.

Today,'pﬁobably the most common freight car coupler in use
on U.S. and Canadian Railroads is the AAR Type ngw rigid shank
coupler. (See Fiéure 1-3.) The Type "E" design, which evolved
from the Type "D" standard, was adopted in 1931. It offered
greater strength and was easier to operate'than the Type "D."

In 1968 the Type "D" was restricted from use on interchange cars.

The AAR Standard Type "E" coupler has interchangeable and
standardized parts and offers greater strength than the Type "D"
coupler. Still, there is excess free slack between mated couplers
with approximately 25/32 inches for newly installed units. Ihe
lateral gathering rande is approximately-4 inches total with both
knuckles open, 2 inches with one knuckle open.

Dur1ng the 1940 S, at the request of the AAR Commlttee on
Couplers .and Draft Gears, a 301nt worklng commlttee was formed to
develop a general purpose frelght coupler to 1nclude several de-
v51gn adyantages of the Standard Type "E" deslgn. ‘The new design,
identified'as the Alternate Standard "F" Interlocking Coupler,

was adopted:in 1954 (see Figure 1-4) and can be readilyc
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distinguished from the Type "E" design by the cast wing pockets

and interlocking lugs on the side and bottom of the coupler head.
The advantages of the Type "F" coupler over the Standard "E" design
include the following:

1) ‘A 52 Percent Reduction of Free Slack Between Mating
‘Couplers. The reduction of slack greatly improves train handling
and reduces the probablllty of damage and run-in and run-out of
slack in long trains. T

2) Elimination of Vertical Slipovers. The interlocking-
1lugs of the "F" coupler prevent relative vertical movement between
the two mated couplers, thus keeping cars in alignment and prevent-
‘ing climbing or telescoping in ‘the event of a derailment.

3) Wear Reduction. The virtual elimination of vertical -
movement between couplers, and the reduction of free slack be-—
tween couplers, combine to reduce 51gn1f1cantly ‘the ‘wear -on mating
surfaces of ‘'the coupler. ‘ ‘ '

4» ‘Protection in Case of Coupler Pull-Out. The inter-
locking feature of the coupler keeps a ‘broken mating coupler
from falling ‘to the track and causing a derailment. - L

" 5) - Better Distribution of Buff Loads. The alignment
"~ “'shoulders assist in keeping couplers centered and cars allgned
under buff compressive forces. ' ‘ o '

The: primary disadvantage of the "F"*coﬁpler is excessive
shank failures occurring at the shank pin hole area. Compound-
ing the problem is failure detection due to the need for com-
plete dismantling from the suspension system prior to inspection.
The "F" coupler unit cost is approximately 40 percent greater
‘than that for the "E" primarily due to economies of scale. The
lateral gathering range for -the "F™ is greater than for the "E".
but it is still limited to- approx1mate1y 5 inches with both
couplers open.’ ' e "



Today, the type "F" coupler is used primarily on tank,'
extra long, and hazardous cargo freight cars - approximately 5
. percent of all freight cars.

The present day mechaniéal couplér is often termed "auto--
matic," meaning that the coupler automatically locks in the
closed position when two cars being coupled are pushed together.
However, for the coupling to be made at least one of the mating
coupiers must be in the open position, and the mating couplers
must be laterally aligned with respect to each other so that the
gathering range is not exceeded (normally 2 inches)..

Problems encountered in present day coupling operations.are
primarily centered around the frequent situations in which the
couplers do not "make," or couple, because their misalignment
_exéeedsutheir effective gathering range. This occurs, for
' example, in gravity yard operations in which individual cars
coast from the hump at relatively high rates of speed through one
or more turnouts and impact with cars already humped and stand-
ing on the classification tracks. Because of vibration and .
lateral acceleration of the cars through the turnouts, couplers
sometimes “slew" to one side and fail to have sufficient alignment
upon impact with the standing cars. . This situation_isAespecially
aggravated in poorly maintained classification yards in which the
cars rock excessively .from side to side as. .they approach iﬁpact,
resulting in coupler bypasses. ’

The problems of coupling necessitate the expenditure .. .
of superfluous transportation labor costs. Strings of cars in .
classification yards must be physically "walked" and. "made solid"
before they can be pulled. After cars épe coupled in industry
and flat switching operations, they are normally "stretched" .by
the yard engine so that the crew is convinced that .the couplings
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are made on all cars, thereby. avoiding "run-away" cars.

After cars are coupled for handling in linehaul trains, the
air brake hoses must be connected manually. This requires a brake-
man, switchman, or airman to go between cars, straddle one rail,
and reach down below the mechanical couplers and connect the'air
brake hoses. This operation is both time-consuming- and dangerous.

The mechanical uncoupling is achieved by a trainman who
opens the closed or locked coupler by:activating an "operating
rod" which extends from the coupler across the face of the car to
an outside corner of the car. Activation of the operating rod
or uncoupling lever requires that the coupler be in compression:
in order for the coupler to unlock. Once the uncoupling lever
is activated, it must be physically held in the uncoupling posi-
tion by the trainman until the two cars physically separate.

In hump yard operations a "piﬁ puller” walks with the cars about
to be. uncoupled as they approach the crest of the hump (where . .
they are in buff force), activates the uncoupling lever, and con-
tinues walking with the car holding the lever up until the lead
car reaches the hump. '

In.a flat switching operation,>the_trainman must perform a
similar sequence, .only in this case the cars are "kicked" by the
yvard engine to speeds sufficient for the. car to coast to.the .end
of the classification tracks. It is not uncommon, therefore, to
see a trainman activate the uncoupling lever when the switch
engine accelerates the cut (coupler in buff), and run with the
car until sufficient kick speed is attained. At this time the -
engineman applies the locomotive brakes, the slack runs out,
and the uncoupled car separates from the.cut. This process is-
repeated for each car classified, exposing the trainman .to..dan-
ger (especially when there is moisture on the ground), and the

11



freight cars and lading to damage due to the impact upon
coupling.

. Because the uncoupling levers are located ‘on the right side
of the car. (as: observed by standing in the center of the car and
facing one .end), and because the effective gathering range of
“couplers is increased if both mating couplers are in the open
-position, in flat switching yards the trainmen typically crosses
over the:track in front of the cut and operates the uncoupling
lever with one-hand and opens'the knuckle ‘with the other. When
‘the -.coupler is positioned properly, he returns to the engineer's
side to give hand signals to "kick" the car. While this pro-
cedure reduces the "make-solid" time, it is dangerous and time-

consuming.

As the ‘cars separate at uncoupling, the air brake hoses are
placed - in tension. The tension causes them to 1ift up, which in
turn causes the "glad hand" (Figure 1-3) connections to angle

-sufficiently to. separate. Thus, while the air hoses disconnect
without manual activation, each uncoupling produces a tension
strain on the air hoses and contributes to their eventual rupture.
Ruptured air hoses on linehaul trains automatically cause an un-
desired emergency application.of train brakes. creating several
slack. action forces, and occasional derailments. Broken air
‘hoses also create delays in road operations since the break

" must be located and répaired before the train can. proceed.

- ‘Closely associated with the air brake hose-is the air hose
shut-off valve known as the "angle cock" (Figure 1-3). The ‘
angle cock is located:at the top of the.air hose alongside the
mechanical coupler. ‘Operating the angle cock' requires the train-
man to go between cars, straddle the rail, and reach over -the

12



mechanical coupler to the angle cock. Again, this requirement
is dangerous and time-consuming. The angle cock is activated
during the coupling when the air valves are opened The reverse

applies durlng uncoupllng

In summary, the operation of the present—day coupler system
is not, in reallty, automatic. The mechanical coupling is "Auto-
matic" if coupler allgnment is w1th1n narrow 11m1ts, if at least
one of the couplers is open, and if the cars impact at the proper
speed and on tangent or only sllghtly curved track " Air brake hose
and angle cock operatlons in coupllng are completely manual

Mechanical uncoupling is manual, as is the angle cock opera-
tion. While the air hose disconnection can be termed "automatic,"
it is accomplished in a manner which subjects the air hoses to
high levels of tension and high probablllty of eventual failure.
On any glven uncoupllng, the probablllty of hose damage is low.

Thus} the coupler engagement is automatic and the air hose
connection is manual in the coupling operation. The present
coupling system requires a combination of automatic and manual
actions for proper operation: - ‘

1) Couplers must be aligned within a 2-inch gathering range.

2) At least one knuckle must be open. '

3) Cars are moved together for mechanicai-coupling.

4) Cars are "stretched" to verify that coupllng is made.

5) Air hoses are manually connected.

6) Air valves are opened as needed.

Dufingiuncoupling['ccupier disengagement is manual and the
air line disconnects automatically. Uncbupling requires that

13



several conditions be satisfied:
1) Cars are bunched (no slack).
2) ﬁnlock coupler on at least one car.
3) Air wvalves are closed on each car.
4) Cars are moved apart to affect full uhcoupling.
5) Air hoses are separated (automatic).

With sliqhtbmodiﬁicatioh’to the coupler and air connection
mechanisms, -the basic‘freight car coupliné operations have re-
mained static since their inception - over one hundred years.
It is not surpr1s1ng that safety hazards, time loss, and damage
are several problems st111 1dent1f1ed w1th present freight cou-
pling systems.

1.3 SUMMARY

Safety problems rema1n a key 1ssue‘- manual 1ntervent10n
is hazardous to the train crew during coupling, uncoupling, and
sw1tchyard operations. If couplers are misaligned by greater
-than the 2 inch gatherlng range, or if both knuckles are closed
' upon coupl1ng, then the tralnman must step between cars, risk-
ing injury. Similarly, air hose connection and valve adjustment
always require that a trainman step between cars.. In classi-
fication'yards, the "pih pulling" operation lnvolves a risk of
falling near rolling freight cars. .

Time losses occur in a multitude of ways.‘ Manual connec-
tion of air hoses and operation of air valves slow the total
coupling, uncoupling and switching operations. Hanging air
hoses. are vulnerable to damage and environmental conditions.
resu1t1ng in time loss dur1ng repa1r and replacement. Train

1nspect1on to verify coupllngs requires walklng the length of
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the train and reconnecting bypassed couplers. This imposes a

further time constraint. In the event of damage due to coupler
bypass, significant time is lost in car repair. Also cars can
-be damaged during coupling if the impact is too great or if the

.cars are not lined up at impact.
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2. METHOD OF APPROACH
2.1 GENERAL

The study approach adopted to establish significant
coupler concepts which would be used to formulate candidate .
coupling systems consisted of establishing basic assumptions,
searching literature and patents, conducting railroad industry
interviews, categorizing coupler concept data, and preparing
abstracts and an indexed bibliography. Each of these tasks is
explained below.

2,2 BASIC ASSUMPTIONS

The definition of basis assumptions was fundamental to the
advanced coupler concepts study: '
1) Equipment will be limited to:
(a) Individual cars
(b) Mechanical and air connections
(¢) Individual car air brakes as they affect coupling
or uncoupling: .
2) Baseline coupling system for comparison purposes - AAR
Type "E" .
3) New concepts must consider possibility for:
(a) New car construction '
{b) Retrofit on o0ld cars
{c) Adéption of new components to fit basic system
(d) Trains with mixture of old and new couplers
4) New concepts should be restricted to those utilizing
currently available technology. "Currently available technology”
is understood to include recent coupler system designs regard-
less of availability, and these designs need not necessarily be
dependent upon a breakthrough in basic technology.
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2.3 LITERATURE SEARCH

The study team conducted an extensive search of published
sources of advanced coupling concepts. This literature included
railroad industry technical literature, trade publications, and
journal articles extracted from 21 search topics needed to
interrogate the information retrieval sources for information
on railroad coupling. These search topics are given in Appendix
D.1.1. - In addition, specific product trade names such as
Willison, Unicoupler, and Compatimatic were used for further

interrogation cross-referencing.

‘A computer interrogation using these search topics was made
from the six retrieval sources noted below:

1) RRIS - Railroad Research Information Service

2) NTIS - National Technical Information Service
(Lockheed Aircraft)

3y ISMEC - Science abstracts, Mechanical Engineering
and Engineering Management - Part of INSPEC (Lockheed Aircraft)

4) P~TRIS - Regional Transportation Research Informa-.
tion Service (Transportation Center Library-of Northwestern .
University) '

5) - COMPENDEX - Engineering Index (Lockheed Aircraft)

6) TRIS — Transportation Research Information System .
(Battelle Automated Search Information  System)

Citations were obtained for the indicated search topics
from all of the six search sources noted above. These citations
(or condensed abstracts) were reviewed to obtain specific refer-
ences for potential coupling concepts. Complete reference doc-
uments were. obtained for each of the references determined to be
pertinent to the coupling study.
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For some references it was necessary to obtain additional
information through the DOT library or the Library of Congress.
For a.fewvreferences} a translation into English was required.
These documents ‘are located in Appendix E of this report.

Where sufficient technical information was not included in
the reference document, it was necessary to initiate contacts
with the author or his company to obtain full specification
details necessary for the comparison of coupling concepts.

Literature obtained from North American and foreign
industry suppliers and railroads consisted of sales literature,
specification manuals, installation manuals, and blueprints.

2.4 PATENT SEARCH

A patent search was conducted for the purpose of identify-
ing major concepts which might have been patented but not yet
developed into an actual coupling system. (Undeveloped but
patented concepts would not necessarily be reviewed in the
literature or discussed during visits to the manufaéturers.)

The primary field of search was in the patent class 213 cov-
ering Railway Draft Appliances and subclasses within that class.
Also, the most relevant secondary fields were searched, particular-
ly class 105, covering Railway Rolling Stock, and within that
subclasses 2, 3, and 4.

It was judged that a search of patents issued prior to 1960
would not be productive. Any significant concepts which had
been developed prior to 1960 would have been improved upon since
that time and thus would be covered with a search of patents

18



from 1964. This has proven true in two similar patent searches.

done recently.

- It was: also found in.the patent search that the significant
‘foreign concepts-had all been patented in .the United States,
probably because it is a major railroad.country. Thus, the search
of the U.S..patents did, in fact, reveal patents secured by com-
panieS<from‘foreign céuntries,asAwell as patents dfuthe U.S. -

companies. -

‘A .complete listing of 'all classes reviewed may be found ;:‘
in Appendix D.3.1 of this report. '

2.5 COUPLER CONCEPTS"

Significant coupling concepts were identified using all of
these sources and were then categorized according to basic
functional .characteristics.' See Appendix.C.

2.6 ABSTRACTS®

Literature sources and patents pertaining to significant :
concepts were abstracted. The abstracts are contained in
Appendix B. '

2.7 INDEXED BIBLIOGRAPHY

A detailed, indexed bibliography was compiled to record
all literature reviewed in the study. This bibliography may
be found in Appendix D.1l.2.
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2.8 RAILROAD INDUSTRY INTERVIEWS

The literature search provided the framework for defining
the 'industry coupler-system suppliers and any other organizations,
with research and development efforts directed toward significaht
""advanced coupling concepts. Representatives of 17 manufacturers
were contacted. Additionally, it was felt that coupler users -
the railroads and transit system operators - could provide
valuable insights relating to current products or products used,
during some phases of testing. Accordingly, interviews included

discussions with eight rapid transit and railroad organizations.

Telephone contact was established with personnel in all
organizations selected. The telephone contacts thus provided a
mechanism for: ‘

‘ "1) Clarification of information and addition-of missing
data not provided in the literature, '

2) Identification of areas of potential improvement for
present coupling sYstems. ’

3) Discussion of supplier developments not intended for:
general freight service which might have possible freight appli-
cation. ‘ '
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3. SURVEY RESULTS
3.1 CONCEPTS FOR COUPLER IMPROVEMENT

The potential list of possible improvements in the coupling
interface between freight cars is virtually.endless. A partial
list of potential coupler improvements is included as. follows:

1) .Provide mechanical'coupling of air lihes.automatically
upon mechanical coupling of couplers.f- , | ‘

_ 2) .Provide for the open1ng and clos1ng of air passages as
“a result of mechan1ca1 coupling and uncoupl1ng, while still
maintaining the safety of.emergency brake appllqatlon when uncon-
trolled separation occurs.

3) Reduce or eliminate leakage of .air at connections
between cars.

4) Reduce air hose maintenance and wear rates.

5) Increase gathering range from the present 2 inches to
reduce coupler bypasses.

6) Reduce-and, if possible, eliminate free slack between
couplers. ‘

.7) Provide means- to keep knuckle open and ready fdr
coupling, if knuckle type coupler .is used.

"+ 8) Reduce coritour angling to-reduce jackknifing. proba—
bility. : ; )
9) Provide a means df location control of couplers to
reduce coupler bypasses.

10) Providé a means to prevent couplers from passing
vertically. . ,

11)  Make certain that mechanical coupling will be com- .
pleted regardless of minimum impact speed during coupling.

12) Provide for remote uncoupling whether on side of
car, from remote position in-train, or from off-train.

13) Reduce wear and maintenance of coupler system
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components.
14) Provide for an electrical train line for control or
sensing to accomplish:
(a) Continuous hot-~box detection.
(b) Derailment or wheel-off indication.
{c) Provision for a second air line for retaining
valve operation or '‘for other use.
' (d) Automatic handbrake. setting and release.
(e) Remote uncoupling. ‘
(f) Electropneumatic braking:
(g) sSlave locomotive operation.
(h) Direct communication to caboose.
(i) Operation of unloading systems (remotely).
(5) Draftgear lockout to reduce train action run-in
and run-out. _ _
(k) Communication of wayside condition detector signals
through train. '

At the outset of the study, an attempt was made to elimin-
ate those potential coupler improvements which were not consid-
ered germane to the scope of work.of this contract. -This was
done in context with the task listings-in the :subject contract.
in conjunction with technical direction from:DOT/TSC.and members
~ of the AAR Advanced Coupling Concepts Committee. '

The survey was directed primarily at those .concepts affect-
ing the direct interface between adjacent.cars. Concepts affect-
ing an incidental interface (e.g., electric train lines within . ..
the car system) were specifically excluded. Consideration was
given, however, to such items as control techniques to be used.
with electric train lines.

Many elements of freight car design are affected by the
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coupler system. For advanced coupling systems, as defined here,
consideration was given only to those portions of the freight
car system which are outward from the attachment point of the
coupler shank to the yoke.- .Essentially, the advanced coupiler
system analysis did not include consideration for changes in
yokes,; draft:gear and followers, center or side sills, cushion
underframe devices, or portions of the braking system internal

to the angle cock.

Similarly;'detailed attehtion_was not given to incidehtal.
items which are generally cdnside;ed to be support items to the
basic coupling system, or for.internal incidental parts fot
improved performance of the coupler systems, which in and of
themselves were.not réelevant to.a basic change in coupler cap-
ability: These include such elements as support chain for the
air hose, uncoupling levers, and:changes in design or strength
of internal parts within the coupler head such as knuckle pins.

3.2 CATEGORIZE CONCEPTS BY FUNCTIONAL CHARACTERISTICS

A review of the partial list of coupler improvements
given above indicates a logical grouping of these concepts
in terms of functional categories;. These categories involvé
the impact of the concepts on imprbvements in the train air
system, mechanical coupling and uncoupling, and general train
control systems.-. Grouping. of the. salient concept ideas into
these four functional categories is shown in Table 3-1.

;- Tt was then necessaryvﬁo sfandarize the data to be obtain-
ed from each of: the survey-sources into a uniform format. A
set of standard data sheets was -established which included all
of. the ‘information required to define the various concepts under
each of the four mechanical operational categories and to include
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TABLE 3-1. CATEGORIZATION OF FUNCTIONAL CHARACTERISTICS

Mechanical Function

Improvement Concept

1)

2)

Category

Improve Train
‘Air Line:System

. Improve:-
Mechanical-
Coupling--

(a)

(b)

(c)

(d)

(e)

(£)

(9)

(h)

(a)
" (b)

(¢) -~

(d)

(e)
(£)

Automatic air line ‘connection with
coupling
Provide second air line system
Automatically open air valves upon
coupling’ | ‘
Automatically close air valves upon
intentional uncoupling - .
Automatically open air. valves upon
unintentional uncoupling _
Improve integrity of air seal by low-
ering leak rates or gasket wear
rates .- ' o
Improve hose reliability regarding
‘breakage, damage, or failure -
Reduce hose and/or glad hand mainte-
:. nance costs )

Improve lateral gathering range of
mechanical coupling '

"Improve vertical gathering range of

merhanical coupling

Provide positiveflocking of mated
couplers

Increase speed range at which posi-
tive coupling can be made

Reduce free slack of mated couplers

Provide vertical interlock for mated
couplers
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TABLE 3-1.

Mechanical Function

Category

CATEGORIZATION OF FUNCTIONAL CHARACTERISTICS (CONT'D.)

Improvement Concept

3)

4)

Improve
Mechanical-

. Uncoupling

Improve
General
Systems

(g)
(h)

(i)

(3)

(k).

(a)

(b)

(c)
(d)
(e)
(£)

(g9)

(a)

Absolutely entrap broken coupler

-Maintain position of coupler to center

of car

Reduce contour angling capability of
. coupler

Maintain position of coupler to center
of tracks

Reduce .required coupler maintenance

Improve coupling capability through-
the use of an alternate side lever
Improve uncoupling capability through
the use of a push button release 6n

side of car

Provide means of automatically uncoup-
ling from within train

Provide means of automatically uncoup-
ling from point external to train

Provide means to uncouple in draft

Improve recoupling capability - by auto-
matically opening knuckle at uncoup-
ling

Improve recoupling capability through

other means
Automatically control brake with
time delay set provisions upon

intentional uncoupling
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TABLE 3-1. CATEGORIZATION OF FUNCTIONAL CHARACTERISTICS (CONT'D.)

Mechanical Function
Category

Improvement Concept

(b)

(c)

(d)

(e)

(£)

(9)

(h)

Automatically control brake with
emergency set upon unintentional
uncoupling _

Provide electric train line system with
automatic connection make and‘break

Provide electric train line system with -
automatic sequencing of contractors

Provide electric train line system
with full environmental protection
of contactors

Provide electric train line system
having train sensing capabilities

Provide electric train line system
having train control capabilities

Improve operational safety of coupler

system
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information on various related operational, safety and cost
considerations. This set of data sheets was used to summarize’

the significant coupler concepts obtained from literature or

patent searches and industry interviews. An example of the data
sheet set is given in Appendix C.3. This example is completed with
data obtained on one specific coupler concept and indicates the
general level of detail which was available, also showing that
detailed information was not available to énswer some questions
posed in the .data sheets.

3.3 . PRESENTATION OF DATA IN THE APPENDICES . .-

Results of. the survey. are documented in the appendices of .
this.report as follows:
- 1) Appendix A - Glossary of terms
2) Appendix B - Abstracts and patents
3) Appendix - Significant coupler concepts
4) Appendix - _Bibliography- .
.5) Appendix - Translated documents - S

6) Appendix - Report of -inventions

Q= Mg 0

7). Appendix G.- Preliminary development specification.

for automatic train air line connector

Appendix A, glossary of terms,. includes a standarized set of
definitions for various coupling and railroad terms which appear
frequently throughout the report. Most of these terms have the
same general meaningthroughout the railroad industry; however,
some differ according to the geographic area in which the railroad
operates. Thus, an attempt was made to standardize the .meaning
of the terms as indicated in this glossary.

Many different concepts ‘were found during the various
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elements of search and interview. Only those which were deter-
mined to have a potential for significant impact on the total

coupling system were abstracted for highlighting in this report.
Appendix B contains the abstracts of these significant concepts.

The survey data indicated a number of reports, patents,
.o: interviews which related to the same basic coupling concept:
In order to aid the reader of this report and, mote particularly,
to aid in later engineering program development, a complete
cross~reference is given relating the primary bibliography number
and the other bibliographies referencing the same. basic.concept.
This cross-reference of bibliographies is given in Appendix C.
Each concept is assigned -the number of the primary bibliography
reference. Whenever more than one concept is derived from a
particular reference subsequent letters are added to the number
(i.e., 6a, 6b, 6c). ‘

In order to establish continuity among the several types of
surveys, an assignment.of primary bibliography numbers was given
to each of the types of literature sources searched, each of the
classes and subclasses of patents . searched, and ea¢ch of the rail-
road industry suppliers and users that were interviewed. This
primary bibliography reference number assignment is given in
'Appendix D. The references are numbered as follows:'

. 1) Literature - Appendix. D.l1 (1-465)°

2) 1Interviews - Appendix D.2 (501-559)

- 3) Patents - Appendix D.3 (601 - 1221)

Appendix D.1.2; gives the individual bibliography reference
information for all literature searches. The bibliography of
railroad industry interviews, Appendix D.2, identifies the com-
panies that provided interviews. Appendix D.3, gives reference
information for each patent search.
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From the literature search it was determined that several
foreign language documents apparently had significant information
concerning specific coupler concepts. Five such documents were
set aside for separate translation after all recognized sources
for previous translations had been exhausted. These five docu-
ments are listed-in Appendix E. '

3.4 SURVEY CONTENT

3.4.1 Literature Search

A literature search or survey was performed to assess the -
state~of-the-art of coupling concepts together with the tech-
‘niques for attachment of electric or pneumatic systems as part
of the overall coupling system. -Six of the search sources were
associated with a computer memory and index system. . These were:
RRIS, NTIS, ISMEC, R-TRIS, Compendex, and TRIS. Of these, the
RRIS search source was the most significant in terms of the
depth of content and chronological time covered. - The basic time
frame covered by these railroad research and engineering index
search sources was from 1958 through 1973. Saliént biblio- -
graphy references in some of these articles, however, covered
~reports and data from earlier periods. |

Some of the reports and articles referenced the same basic
concept but involved an analysis made under a different tech-
nical or time framework. A total of 52 significant coupling
concepts were determined from the literature search. These have
been abstracted and are included in Appendix B. Table 3-2
presents a quantitative‘summary of the literature search.
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TABLE 3-2.

SUMMARY OF LITERATURE SEARCH

Individual

Reports or

Abstracted
For a Signifi-

Citations Articles cant Coupling
Search Source Reviewed Reviewed - Concept
RRIS 155 55 19
NTIS 12 1
ISMEC 14 0
R-TRIS 74 23 7
COMPENDEX 17 17 1
TRIS 7 17 1
AAR Manual 3 3 0
AAR Specification 4 4. 0
AAR Yearbook 1 1 0
DOT Standard 1 1 0
Car Cyclopedia 1 1 0
UIC Specification 1 1 0
Bureau of Mines
Reports 3 3 0
Railroad Industry
Technical Publications 8 8 3
ORE Reports _6 6 _0
Total 307 138 31
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3.4.2 Patent Search

The primary patent class for couplers is class 213, defined
as Railway Draft Appliances. Within this class, it is interest-
ing to note that the patents granted since 1960 represent only an
average of 12 patents per year and represent 3.5 percent of the
total patents on couplers which have been granted. 1In addition,
it is noted that of the limited number of patents granted since
1960, most of them cover only nominal changes to a portion of the
coupling system (e.g., uncoupling linkage) which are not really
significant in terms of new coupling concepts. Entire coupling
systems per se are not patentable; only those individual concepts

which make up the system can be patented.

Listed in Table 3-3 is a summary of patent searches which
shows the class and subclasses which were reviewed, together with
the number of patents which were reviewed and those within each

subclass containing a significant coupling concept.

It should be noted that the majority of the patents referred
to concepts also covered by bibliography references in the liter-
ature search or railroad industry interviews. These concepts,
although significant in themselves, are not listed as a separate
significant coupling concept but have been included under a
separate primary bibliography and are shown in the cross-
reference of bibliographies in Appendix B.
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TABLE 3-3. . SUMMARY OF PATENT SEARCH

Patent Reference

Class

46
74
104
104
105
105
213
213
213
213
213
213
213
213
213
213
213
213,
213
213
213
oy
213
213
213
213
213

Subclass

241
527
26R
172

3

4
3
1.6
8
15.
63
72
© 75
75D
75TC
76
100 -

103
104

.' ’ll0~

111
112
127
133
142
144
145

Number of

Patents‘Searched.

N S I

14
13

=N

32
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Coupling Concept
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TABLE 3-3. SUMMARY OF PATENT SEARCH _(CONT'D.)

Abstracted For

Patent References Number of a Significant
Class Subclass Patents Searched Coupling Concept
213 147 2
213 148 1
213 151 6
213 152 3
213 153 4
213 154 - 1
213 158 2
213 159 5 2
213 162 5
213 166 22 1
213 167 2
- 213 168 2
213 211 9
213 212 7
213 217 1
213 219 5 2
285 12 2
339 15 1
339 48 1 1
Total 201 46
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3.4.3 1Industry Interviews

During the initial search effort involving both literature
and patents, it was determined that specific quantitative details
were frequently not present in the supporting data included with
. the technical document. In general, the technical discussion
concerning the coupling éopcept would describe only the qualita-
tive merits of the concept without giving adequate technical
information for a quantitative measure of the value of the con-
cept. Moreover, in the case of some of the literature search doc-
iuments, it was necessary to separate out the rhetoric of sales-
manship, which in some cases described the capabilities of the
concept in terms beyond that which seems technically feasible.
From these earlier searches it was determined that first-hand
interviews were required in order to obtain the necessary quantita-
tive data needed to evaluate most of the concepts. Thus the
industry interviews became a more important part of the overall
survey than was originally anticipated.

In the case of concepts with a foreign origin (excluding
Canadian), it was not deemed appropriate or necessary to
schedule personal interviews. The reasons for this decision were:

1) There was a greater abundance of detailed techni-
cal literature of European concepts than on those in the United
States. ' ' -

2) European development efforts have been dlrected for
the past 25 years at development of coupler- systems which would
meet the UIC‘synthe51s de51gn for a universally applicable coup-
ler system. Thus the European design concepts'centered on the
attainment of a single coupling goal and therefore tended to
overlap in technical approach.

. 3) The primary U.S. railroad suppliers are involved
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through subsidiary or consortium contacts with the major design
efforts in Europe.

The complete bibliography of railroad listing interviews is
given in Appendix D.2. As was the case with the patent search
activities, a great many of the coupling concepts uncovered
during industry interviews, although significant, were included
in other significant concepts listed under literature search
primary bibliography numbers. The following is a list of indus-
tries interviewed. )

1) American Steel Foundries

2) National Castings Division, Midland-Ross Corporation

3) Ohio Brass Corporation

4) General Foods Corporation

5) Canadian Steel Foundries

‘6) Hawker Siddeley Canada Ltd.

7) Stanray Corporation

8) Holland Company

9) McConway and Torley Corporation

10) Buckeye Steel Castings

11) Westinghouse Air Brake Division, WABCO

12) Evans Products Company

13) Dominion Foundries and Steel Limited

14) New York Air Brake Company

15) Freight Master

16) Walton Products

17) Dresser Transportation Equipment Division,

‘ Dresser Industries, Inc.

18) San Francisco Bay Area Rapid Transit System
19) Cleveland Transit System

20). Southern Railway

21) New York City Transit Authority

22) Chicago Transit Authority
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23) Atchinson, Topeka and Santa Fe Railway Company
24) Washington Metropolitan Transit Authority
25) Canadian National Railways

3.5 SIGNIFICANT CONCEPTS

~ As a result of the literature and patent searches and the
industry interviews, 108 separate significant coupler concepts
were identified. A listing of the significant concepts and
identification of the mechanical function category impacted by
each concept is given in Table 3-4. A more detailed listing of
concepts. (categorized by impact on functional éharacteristics)
is given in Appendix C.

3.6 CONCLUSIONS

Several specific conclusions can be drawn from a review of
the technical data obtained in the survey:

1) 1In the United States, development efforts leading to
patent application or published technical data on new concepts
has been diminishing over the last 15 years as cbmpared to
previous times.

2) The decrease in U.S. development efforts has coincided
with the decreasing usage and profitability of the American
railroads. | |

3) 1In general, recent significant technical advancements
have been patented. However, the necessary development work
required for product marketing has been set aside, primarily as

a result of an uncertain market for new concepts.
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LE

" TABLE 3-4.-SUMMARY OF SIGNIFICANT

CONCEPT
NUMBER CONCEPT IDENTIFICATION
6a Grimesthorpe ASF/v Coupler
6b Gresham and Craven Air Connector -
'8 S-W Coupler Positioning Device (Mechanical
. Linkage, for Ex1st1ng Cars)
9. . S-W800 Coupler

22 Dresser Automatic/Pneumatlc ‘Coupling System

25 S-W "LC" Coupler

26 Controlled Swivel "E" Coupler

27 Dresser Rapid Transit Coupler

3la S-W Positioning Device (Hydraulic Master-slave,

for Existing Cars)

31b S-W, Positioning Device (Hydraulic Guided for

New Construction)-

33 Eurocoupler 68 e

36 British Wedglock Coupler

4la Holland Positioner Device

41b Evans Centering Device

41¢ Evans Positioning Device

. Stanray Centering Devices:

41d Coil Spring Type

4le Double Leaf Spring Type

41F Double Coil Spring Type

41g Swing Type ',

45a SNCF Double-Lip Seal Air Connector

45 SNCF Vacuum Brake Bleed System
45¢ Khoeps Electric Connector

47a Simplified U.I.C. Coupler (French)

47b Pendulum Self-Centering System

52 Type "E" Couplér with Top Shelf .

54 Type "E" Coupler with Top and Bottom Shelf
254 Walton "Electro-Pneumatic' Control System
301a Willison Type II (U.I.C.) Coupler
301b Scharfenberg Kupplung
306 Freightmaster Positioning Device
309 Unicupler (U.I.C.) Coupler
318 ORE II Cross-Beam Centering Device
387 German U.I.C. Electrical Control
391 Osaka Coupler System .

4284 Stapdard AAR '"H" Tightlock Coupler
428p Standard AAR "F" Interlocking Coupler



COUPLER CONCEPTS

MECHANICAL FUNCTION CATEGORY
I 51 i1 IV
IMPROVE '
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TABLE 3—4.-SUMMARY OF SIGNIFICANT COUPLER

8¢

CONCEPT B )
NUMBER . .__CONCEPT -IDENTIFICATION
434a Cobb 'Horn-Funnel' Air Connector
434b Francis '"Cone-Ring' Air Connector
448a Ohio Brass Form 8 Coupler. °
448 Ohio Brass Form 9 Coupler ]
449 Alternator-Battery Electrical Power System
4502 Ohio Brass Form 8A Coupler and Control System
450b Microwave Transmission Control System
451a National "Ball-Funnel Air Connector
451b . | Robinson '"Pin-Funnel' Air Connector
451c ‘Roberts "Spread-Wing' Air Counector .
451d | Johnson "Scoop-Knob" Air Commector
451e | | Compatimatic* 'Spread-Wing" Air Connector
451£ American "Horn-Funnel" Air Connector
452 Dresser '"ESACS'" Control System
457 Dowty Automatic Central Coupler
458 Robinson "Spread-Wing' Air Connector
501 A.S.F. Coupler Knuckle Contour Change
502a National Castings I.G.R. Coupler Knuckle
502b . National Castings '"Compatimatic'' Coupler
. 502¢ National Castings Air/Electrical Connector
- 502d Willison Mine Car Coupler
503a Ohio Brass Form 70 Coupler and Control System
- 503b Ohio Brass Form 29 Coupler System
503¢ | Ohio Brass Form 73 Coupler System
'503d Ohio ‘Brass Form 5 Coupler System
51la WABCO N-2 Mass Transit Coupler System
511b .| WABCO Train Air Line Connector
511c¢’ WABCO Train Line Electrical Connector
" 516a Walton Automatic Coupler .
516b - |wWalton Electrical Control Box Systems
601 Campagnia - Electrical Conmector
603 Automatic Service Line Connector
605 - Automatic Trainline Connector
606 Dresser Electric Coupler
610 Midland Ross Retractable Trainline Connector
611 Midland Ross Retractable. Trainline Connector
650 Automatic Uncocking Recocking Mechanism
670 Westinghouse Automatic Hose Connector
671 ACF Trainline Valve Means :
672 Automatic Air Coupling Structure

Note: (*) Developed by National Castings Division,
Midland Ross Corporation.



CONCEPTS~(CONTINUED>

MECHANICAL FUNCTION CATEGORY

i "1 ITI Iv
IMPROVE
TRAIN, " IMPROVE IMPROVE IMPROVE
AIR LINE MECHANICAL | MECHANICAL .| GENERAL
SYSTEM COUPLING UNCOUPLING SYSTEMS
X : X
X . X
X X
X
X
‘X X
X
o X X
X X
X X
X X
X X
X X
X
¢ X X X
X X
: X X
X X
X X X
X X
’ X
X X X
X X
x.
. X X
X X X X
X X
X
X X X X
: X
X
X
. X
X
X X
X X
X
X
X
X
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TABLE 3-4.-SUMMARY OF SIGNIFICANT COUPLER

CONCEPTS (CONTINUED)

MECHANTICAL FUNCTION CATEGORY
I1 111

’ 1 Iv
IMPROVE
TRAIN, IMPROVE IMPROVE IMPROVE
CONCEPT AIR LINE MECHANICAL MECHANICAL GENERAL
NUMBER CONCEPT IDENTIFICATION SYSTEM COUPLING UNCOUPLING SYSTEMS
674 Dresser Coupling Valve Actuator X
676 Automatic Coupling System for Freight Cars
678 Dresser Automatic Pneumatic Coupling System X
680 Midland-Ross Trainline Connector X
682 Dresser Brake Line Coupler - X
686 Armsted Automatic Air Line Connector X X
702 Armsted Railway Coupler X
703 Indian Automatic Coupler X X
705 Midland Ross Railway Coupler X
740 Amsted Railway Car Coupler X
760 Midland Ross Car Coupler X
761 Midland Ross Car Coupler X
890 Amsted Knuckle Structure X X
891 Amsted Knuckle Structure X
892 Midland Ross Knuckle Contour . X
895 .|Midland Ross Knuckle Contour X
900 Midland Ross Coupler Shelf X
901 Coupler Knuckle
910 Interlocking Coupler X
912 Midland Ross "F'" Coupler Hood X
913 Amsted Interlocking Coupler X
940 Southern Pacific Brush Uncoupler X
943 Dresser Fluid Uncoupling Mechanism X X
960 Holland Uncoupling Lever X
1020 Japanese Robot Uncoupler X
1043 Nippon Automatic Release X
1044 Nippon Car Disconmector X
1045 Hines Remote Control Uncoupler X
1046 Symington Fluid Operated Uncoupler X
1061 Keystone Uncoupling Mechanism X
1063 Railway Car and Coupling Device
1070 Spanish Wheel Guidance Actuating Device X
-1100 Coupler-Positioning Device for Railway Car-Couplers
1101 Coupler-Positioning Device for Sliding Sill
Cushioned Underframe Cars -
1140 Bissett Magnetic Coupler
1150 Southern Pacific Coupler Opener
1160 Electrical Circuit Control Apparatus
1190 Keystone Coupler Centering Draft Gear
1200 'ABCO Hose Connector




4) The interviews indicate that no recognized industry

supplier is working on any revolutionary new concepts.

| 5) Significant development effort has been applied in
Europe over the ‘last 25 years for the development of a standard
coupler to meet the requirements of. the UIC Synthesis coupler
standards. o ,

6) A great deal of the European development effort has
been aimed at developing transitionary componenté needed for
"mixed" couplers of the o0ld hook and screw type as they would
mate the new UIC Synthesis couplers. o .

7) Most of the European coupler effort has been aimed at
modifications of the basic Willison coupler'deéign; a rigia-
knuckle type. )

8) Most of the European development work for air or élec-
trical connectors has been associated with their use as an inte—
gral part of the final rigid coupler design. This differs from
the U.S. developments in this area, which have_been-concentrétéd_ 

in the area of separate air connection devices.
A sufficient number of new coupler concepts has been. uncov-

ered to derive coupling systems which represenﬁ a significant
improvement over the present system.
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4. OPERATIONAL CHARACTERISTICS OF CONCEPTS
4.1 DESCRIPTION AND EVALUATION OF SIGNIFICANT COUPLER CONCEPTS

Each of the significant coupler concepts listed in Table
3-4 were subjected to a detailed evaluation. This evaluation
was based upon the primary bibliography reference to the concept
"and, in addition, the secondary or other bibliography references
including information on this same concept.

A detailed data sheet was established to show both the de-
scription of the system and an evaluation of the significant
coupler concepts included in the basic system. These data sheets
are shown in Appendix C.3 of this volume. These evaluation data
sheets included a brief description of the basic concept, an indi-
cation of compatibility with the basic AAR type "E" coupler system,
related bibliography reference numbers, and an engineering evalua-
tion of the concept as related to each of the previously defined
operational characteristic categories. 1In the evaluation section
for each category a check was made of each of the pertinent func-
tional characteristics impacted within that category by the
concept. Appendix C.l1l defines the functional characteristics by
category. 1In this evaluation, wherever there appears a potential
operating or safety problem inherent in the concept, the evaluation
comment is preceded by a double asterisk (**).

An explanatory note‘is in order concerning the compatibility
of each concept with the AAR Type "E" system. It is recognized
that every coupling system concept could be made to "fit" into a
Type "E" system by the use of an adapter system. From this view-
point, each concept is "compatible.” For this study, however,
four levels of compatibility are defined as follows.
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1) Can be added to Type "E" - results in a separate at-
tached unit (like an air connector)

2) Modification of Type "E" - requires a change to the coup-
ler which does not interfere with mating with regular "E" units.

3) Requires head adapter for Type "E" - A different type
or style of coupler which would require an adapter system to couple
with an "E" unit.

4) . Incompatible with Type "E" - A totally different coupling
system requiring a complete adapter system to couple with an "E"
unit.

4.2 ENGINEERING EVALUATION OF OPERATIONAL CHARACTERISTICS OF
ALTERNATIVE CONCEPTS

As the next step in the assessment of the coupling concepts,
the evaluation data noted above were subjected to an engineering
review to define the effects of the concepts on operational char-
acteristics. These effects were then analyzed in terms of impact
of the functional characteristics upon the separate system cate-
gories previously -established. This engineering review and
analysis is summarized below.

4.2.1 Train Airline System (Category TI)

It is desirable to have a system which provides an automatic
air-tight connection between adjacent cars coincident with the
_méchanical couplihg process. The system should be adequately
mounted to be able to withstand the abuse that occurs in rail
freight service. In addition, it is desired that the air connec-
tion system automatically operate the train air valves to provide
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ontinuity of the air line system at coupling. The system should
apply emergency brakes during any unintentional uncoupllng
while maintaining control of braking durlng 1ntent10nal uncoupling.

4.2.1.1 Air Connector (Add-On Unit)

_15 Location° Because of the requirement for coupling on
curves, 1t was determined that air connectors located at any
point lateral to the center line of the coupler were subject
to potential malfunctions resulting from damage as a result of

a coupling bypass.

Positioning the air connector above the coupler head is not
deemed to be a feasible alternative. In.piggyback applications,
it is an operational requirement in circus loadlng that trailers
be driven horizontally from the top of one flatcar to the next.
This requires a dock plate or other platform to be laid across
the top sills of adjacent cars;‘ Although the wheels of the
trailers will straddle the area immediately above the couplet
head, there is potential for trailer parts or pieces to extend
.very close to the bottom of the trailer. Railroad operating
personnel have'neither control nor advance knowledge of devices
hanglng down beneath the trailers. Any external air connector
mounted above the coupler head would thus be in jeopardy of
damage during such trailer loading operations. Since piggyback
operationsvare expected to be an increasingly important segment
of rail freight cargo, any attached'air connector unit should
be located below the coupler head. ‘

A lower suspended unit does present problems. In'this

‘position, the air connector will be subject to an excessive
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amount of dust, dirt, or other material emanating from the roadbed
between the tracks. The air connectors must therefore be

designed to be free of close-tolerance or sliding cdmponents

which would have a tendency to bind or seize as a result of a
buildup of this road grime.

2) Mounting: There afe three optional methods for mounting
"or attaching the air connector: direct attachment of the connector
to the cqupler'head; attachment of the connector to the end of

the car body, cantilevered for total self support; or attachment

of the connector by means of an attachment to the ¢oupler head.

The second élternate design is not found to be feasible
because of problems of extreme weight and potentiél harﬁonic
vibration damage. to the air connector. Either of the other two
methods of support seem feasible. A

In general, a coupler-supported air connector_should weigh
less and be shorter than an air connector supported- by the,end
of the car and guided by the coupler. )

Designs of both types have been proven to work acceptably.
As a general rule, howévé:, good cost-effective design engineer-
ing dictates the use of the lighter, simpler. coupler-head-attached
system.

The‘design of the connector attachment and support sYstemA
must be such that no pulling préssure is applied to the air
connection hose system as a result of vibration or oscillations
of the coupled units. In addition, the design of the mounting
brackets must allow the free movement of the connector head back
against the seating spring without any rubbing or interference
between the air pipe or hose system and the mounting brackets.
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3) Type: Two basic types of gathering devices have proven
feasible: spread-wing type and pin-funnel type'(including ball-
funnel, horn—funnel, and cone- funnel) De51gns of both of these
types have passed development tests and indicate a feas1b111ty
for rail freight application.

It has been found that the design of the gathering mechanism
must be as symmetrical as possible and as free of points of dis-
continuity or other ébrupt curvature changes. Rectangular shaped
pin-funnel type connectors, in general have .a greater number
of changes in- curvature and slope with a resulting large number
of p01nts at which the horn can bind at the time of entering the
funnel. Any point of 51gn1f1cant binding will result in a pro-
pen31ty to gall or score the surfaces of the gathering pleces.
The end result will be that the air connectors will have a
tendency to stick open or to bind up and then "jump into place"
after the galling forces are'overcome by>the spring pressures.

The latest designs of the spread-wing tYpe, on the other
hand, have gathering faces which are "clean" in design. Thus
there is a smooth movement during gathering, which reduces the
possibility“for a hang-up of one of the gathering elements with
the mating unit.

The spreaa—ning type air connector is thus judged to be
the best of the aesign alternatives which were reviewed. The
current connectors of this type are somewhat smaller and lighter
than those tested in the mid-1930's by the AAR Techn1cal Center.
Wing design improvements have been made to achieve a better
taper of the leading edges to minimize the frlctlonal resistance
while'mating. Current designs using high alloy steel are also
stronger than earlier tested units.
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4) Gathering: The gathering mechanism of the air connector
- must be sufficiently rugged to withstand both the lateral
gathering forces and the longitudinal coupling forces without
deformation. The design of the mounting and gathering elements
must be such that, during normal coupling operations, the knuckle.
of ﬁhe "E" coupler head will touch first to absorb the majority
of the coupling forces prior to the air connectors coming into
contact. ' ' '

For air connectors designed for use with the "E" typé
coupler,bboth the mounting and the gathering must have increased
range.' That ié, the "E" type coupler has a large vertical move-
ment as well as-0.78 inch of free slack. Thus, an airliné con-
nector designed for use with an "E" system'must have greater
flexibility and gathering rénge than one designed for use with
the "F" type coupler systeﬁ, which has a better vertical gathering
capability and a highly limited movement -of joined couplers. 1In
the case of the "F" type air connector, the coupler accomplishes
almost all the gathering and the "wings" of the air connector
must only complete the final centering or gathering of the air-
line connector. 4 '

"Another requirement for air connectors is that their gather-
ing action must be completed in front of the air seals suéh that
any lateral gathering motion is completed prior to the finél
seating of the air seals. Because of the tremendous forces in-
volved in the mechanical coupling of freight cars, any lateral
gathering motion within the air connector after the air seals
have made contact will result in an undue and excessive scrubbing ’
force applied 1aterally-to the compression'seals.

5) Sealing: Two types of air seals were reviewed: butt
faced seal, in which the air seal is placed at right angles to
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the center line of the car; and an angular faced seal, in which
the seal faces are placed at an angle (usually 45 degree) to

the center line of the car, such that both longitudinal and
lateral movement is required for the seals to come into complete
contact. The butt type seal was determined to be the only type
having consistent and reliable operation.

The "E" type coupler has a significant amount of free slack,
and, to a lesser extent, the "F" type coupler (0.37 inch free
slack). Even the "rigid" type coupler systems (such as concepts
6a, 9, 36, 301b must have some amount of free slack in order to
allow proper coupling under conditions of ice and snow buildup.
Thus air connectors (as well as electric connectors) must have
their own compression-loading capability in order to compensate
for this free slack or movement between coupled units. It has
been determined that both a pliable compressible seal unit and
a backup spring-type system are required to make good initial
sealing and to maintain sealing throughout the coupling and
environmental changes. To compensate for wear of the connector
seal (expected as a result of impact erosion or gathering arm
wear) or buildup of road grime, the air connector seals should
have a compression of a least 0.25 inch and have backup springs
having at least 1.5 inches of compression which would force the
air connector seal in the forward position at all times to

compensate for uneven mating couplers.

6) Maintenance: For ease of maintenance during road or
.switching operations, it is desirable that the air connector
gaskets be removable from mated units. Thus, the air connector
design must logically provide for removal of the sealing elements
from the rear of the air connector units. Since each removal
would involve a severe bending or moving of the entire air line
system, it follows that the air connection system should have a
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minimum number of joints in order to minimize the possibility of
leakage following such seal repair efforts.

It is necessary to provide for the adaptation of an automatic-
air-connector-equipped car to an unequipped car. Additionally, .
this attachment of a "mixed" air connector system should be
accomplished without the aid of special tools or the need for
a second workman. Some of the "mixed" connection systems were
heavy and bulky, resulting in considerable difficulty experienced
by trainmen in maneuvering and attaching the "mixed" air connec-
tor systems. In addition, it is necessary that the air connector
head allow for sufficient flexibility to avoid excessive distor-
tion or twisting of the air hose on the unequipped car. Thus,
if the air qbnnector is to provide for adapting direetly‘against
“the air connector head, it is necessary that the air connector
unit have some form of horizontal pivot in order to provide for
the fequired flexibility. Considering the complexity of the
separately detachable "mixed" connector heads and the potential
for a poor air seal resulting from pivoted air connector heads,
it is concluded that the best possible "mixed" air connector -
system involves the use of a separate air hose/glad hand unit
which operates in the same way as the current air hose'connector
system. (Concepts 1192 and 1193.) ’

The most simple and readily adaptable proven system for
accomplishing the requirements for connecting "mixed"” air connector
systems is the separate air hose/glad hand system incorporated
in Concept 22. 1In this system the "mixed" adapting unit is
identical to the standard train air line hose and is connected
to the basic air pressure line system by use of a standard train
air line valve. Thus the system is simple, relatively maintenance
free, and consists of components of proven reliability. -
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V 7) Summary: Several air connector concepts uhich were

' reviewed incorporated the basic operating principles determined

to be important for proper operation of the system. These include
Concepts 22, 451e, 502c, and 511b, which are all currently
designed units. These all represent second- -generation units
utlllzlng the bas1c design concepts of the Roblnson spread-

wing air connector (Concept 458).

None of the preferred air connector de51gns contain all of
the desired features 1ntended for a railroad operating env1ron-
ment. There is no reason to believe, however, that each of
these designs could not be modified and the design improved as

necessary to make an acceptable air connector system.
'4.2,1.2° Air Connector (Integral Unit)

In the‘"E“ type of coupler system, there is no room within
the face of the coupler head to build in an integral a1r connector
unit. In addltlon, there would be problems in ma1nta1n1ng the
seal of an air connector unit because of the allowable vertical
and lateral movements of the connected type "E" coupler systems
using the AAR type "F" head. Thus, air connectors for use with
the present free knuckle coupler system must be of the add-on
type as noted above.

' An alternate concept of coupler system is the "rlgld“ type‘
(such as Concepts 9, and 36). A By definition, the “rlgld" ‘type
of coupler head system does not have a relative movement or
free slack between the joined couplers (considering wear and
other field usage problems, free slack may be a few one-thousands
of an inch). This type of “rlgld" coupler head system can
~utilize an integral air connector unit.
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1) General Design: This type of air connector unit
could be located anywhere within the general outline of the "rigid"
coupler head. To comﬁensate for any possible free slack in the
- system which might result from wear, it seems desirable to'have
the air connector located on the vertical centerline of the
coupler head and as near as possible on the horizontal Centerlihe.
This will minimize ahy relative movement between the connector
seals which might result because of wear or mlsallgnment in
the coupler head system. '

The mounting location for the air connector. preferably
should be recessed within the face of the coupler head.r This
‘ locatlon is des1red for two reasons- .
" (a) The a1r connector seals are better protected
from accidental damage while they are in the uncoupled condition.
(b) ‘The connector'seals;should be recessed sufficient-
ly deep in the face of the coupler head so that all lateral and
vertical gathering movements are completed and the coupler heads
are moving only in a tangent position one_to the other:before the
faces of the air connector seals come in contact.

In this type of ihtegral air connector system, the entire
movement for gathering is accomplished by the coupler head.
Therefore, the air connector has no gathering features by itself.

The type of seal for the integral unit should have the same
general characteristics as for'the add-on unit. 1In particular,
this means that the seal should be of a compres51ble re5111ent
type of material and that it should be backed up by a sprlng-type
compressing seal. 1In a .similar sense, it was determined that a

butt type of seal was required for a good sealing reliability.
This type of air connector design is similar in maintenance
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3) Summary: Of the train air valve control systems associated
with an add-on air connector system, only Concept 22 meets the
desired criteria as outlined above.

4.2.1.4 Air valve Operation (Integral Unit) -

The air connector system described in Section 4.2.1.2 defines
an integral air connector unit contained within a rigid type of
coupling system. This type of rigid coupler system is generally
considered to be associated with the adaptation of a train elec-
trical control system. However, it is feasible that this type of
coupler unit could be utilized without an electrical system and
therefore the control mechanism for the air valve operation should
assume both electrical and pneumatic options as well as direct
mechanical operation. V

"1) Mechanical Operation: This integral type of air valve
operation should likewise be direct, simple, and have fail-safe
provisions. Initial operation of the airline valve should be
initiated by a direct push rod actuated at the time that the
coupler comes into the mating position. The most -desirable opera-
tion would be a direct push rod from the coupler head to the
first valve as compared to a more complicated system involving
movement of cam shafts, linkages, or a more complicated connecting
device.

The valve operation should be such that, once the airline
valve is open, the valve remains in the open condition unless
there is a poéitive indication of uncoupling such as operation
of the uncoupling rod or other remote signal. A fail-safe V
provision for an emergency brakeset condition is mandatory for
an unintentional uncoupling situation.
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2) Control System: If only air pressure is available in the
train line systems, the pilot line/train airline valve system
noted in Section 4.2.1.3 seems to be the most direct and reliable
system. A pneumatic control system that depends upon vacuum differ-
ential pressures would seem to be of doubtful reliability as
applied to a full long train under expected adverse environmental
conditions. This type of system (Concept 45a) depends on small
vacuum differentials to accomplish certain valve operations with
larger vacuum differentials (or longer time durations) operating
the valves for a different mode of control. Such a system would
would be less reliable and have less fail-safe -potential than a.
positive pressure system operating from reduced pilot line

pressures.

Where a train electrical line system is available for
control, the basic valve operation system should still be based
on the pneumatic control valve operation. 1In such a system
the electric solenoid valve would operate'the pilot valve only
for those situations involving a remote control signal for un-
coupling. In all other respects, this system would be most
reliable if the remaining elements were identical to the pneumatic
system described above. '

Several references reported difficulties with proper operation
of electric solenoids when the solenoid plungers became rusty or
free movement of the plunger was restricted by environmental con-
tamination. Thus, any system involving electric solenoids should
include a total environmental protection of the unit in a sealed

retaining system.
Direct operation of the train airline valves by electric
solenoids was reported to be subject to difficulty where sticking

valves required undue force to operate, demanding an excessive
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amount of electrical current from the electric solenoid control
system. Thus the all-electric valve control system presents the
potential for significant reliability problems. '

3) Summary: Several system concepts reviewed utilized
.some poftion of the desired characteristics noted above. Concepts
9 and 503a shared the same concepts presented by the electro-
pneumatic control system Concept 254 which is chosen as the
most desirable control system. It encompasses the heed for an
all-pneumatic control system and an electropneumatic system
while retaining the mechanical control features of direct
operation from a coupler rod or uncoupling lever.

4.2.2 Mechanical Coupling (Category II)

Before evaluating the applicability of various coupling
concepts, it is appropriate to review some of the basic require-
ments for coupling systems. The coupler must provide for auto-
matic coupling and uncoupling and must have adequate load carry-
ing capability as required for general freight service. The
coupler system must be mechanically rugged and capable of with-
standing the full range of environment, temperature, and element
extremes. For both universal application and safety reasons,
the coupler system should not require any external energy
(pneumatic or electrical) for completing the coupling process.
It is desirable that the basic coupler systeh be adaptable for

later modification to include air or electrical functions.

The basic coupler concepts are readily grouped into two
distinctly different design types. These are represented by a
"free" coupler system and a "rigid" type system. Schematic
outlines of these two systems are shown in Figures 4-1 and 4-2.
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.In the "free" automatic coupler system (as depicted in
Figure 4-1), two connected couplérs are free to slide vertically
in relation to each other and are not securely held together in
a manner which prevents any free slack or play between the connect-
ed units. This free movement between the couplers allows for the
coupler head to slide in a vertical direction to compensate for
differences in car heights or intercar movements caused by normal
train operatiqn. The AAR Type "E" coupler system is the basic
"free" coupler system concept which was used és the basis for
all other coupler concept comparisons. Automatic connection of
airlines cannot be accomplished with a "free" coupler head.

Of course, it should be realized that very few coupling
concepts fall 100 percent in either one of these two types;
However, the basic "free" and "rigid" designation appears
quite realistic as a natural grouping of two types of connec-
tion systems.

4.2.2.1 Noncompatible With Type "E" System

Several design concepts were reviewed which were not compat-
ible with the current "E" coupler system. “These all fall in the
"rigid" or "semirigid" type of coupler systems. '

Within this basic type of couplef, there are two distinct -
design types: flat-faced and spread-claw type. Each of these
. two types of couplers are unique in their ability to utilize
integral air and electrical connections. Since this noncompati-
ble type of coupler would represent a radical departure from the
Type "E" system currently in use, it is believed appropriate
that a more severe design requirement should be placed on such a
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new unit with respect to its adaptability to the use of an
air or electrical connection system which might be added
at a later time.

A general summary of user comments relating to the flat
type "rigid" coupler indicates this type of design to be more
readily adaptable to integral air and eleqtrical connections.
On the other hand, this type of design is inherently more ex-
pensive because of the added complex1ty -and machining. This
type also appears more susceptible to malfunction because of the
sensitivity of the machined edges to impact damage upon coup-
ling. This type of unit also apparently requires greater overall
weight in order to achieve an equal strength.

The spread-claw type of "semirigid" units all represent a
modification of the basic Willison coupling principle. The
basic design of the Willison involves a discontinuous lateral
movement at the time of coupling. This concept presents
a potential for difficulty in integral attachment of air and
electric connectors as will be noted below. In other respects
this design type appears to offer a more cost effective design
in terms of the use of large single cast units with a minimum of
machining and represents a stronger design in strength to weight
ratio.

Flat switching operations compose approximately 80 percent
of all coupling operations. Although most hump yards are highly
automated, a tower operator normally watches the humping opera-
tion and has the power to override the computer system (for
control over the retarders) if he has reason to think that the
electronic control will not give the car proper speed. The
incentive in both a flat switching and hump switching operation
is to insure positive_coupling rather than to allow a car to fall

short. The inevitable result is coupling at excessive speed.
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Sample test programs have shown average impaot speeds for yard
operations to be within the "rough" range of 5 to 9 mph.

- In Willison’type'couplers having a discontinuous coupling
movement, the higher coupling speeds ars fransmitted as greaterA
impact energy both tangent to the line of car movement and
laterally. This lateral energy is imparted to both the fixed
elements of the coupler head and to any associated air or elec-
tric connector units which are an integral part of the coupler
head. Thus, the potential for damage (particularly to electrical
connector units) is significant if any portion of the lateral
movement of the discontinuous coupling takes place after the
initial engagement of the electrical or air connector.

Somé of the most recent modified Willison designs (Concept
309), do make provisions for completion of the lateral discontinu-
ous coupiing movement befofe a'final.longitudinal movement to
complete coupling. 1In this case the problem noted above is mini-

mized if not deleted.

Pictorial outlines of the two basic types of "rigid" and

"semirigid" couplet systems are shown in Figures 4-3 and 4-4.

1) Incfeased Gathering Range: Both the fiat—fsce and
spread-claw type of couplers présent opportunities for a much
greater gathering range than is possible with the prssent Type
"E" coupler head.

The spread-claw design utilizes wide diagonal gathering
faces which force the opposing coupler into both Vertical and
lateral alignment. The greatest basio gathering range was for
Concept 309, which had a 17.4 inch lateral, 11.0 inch vertical
gathering range (which is approximately 4 times the standard

59



ranges). Next in order of decreasing gathering range were
Concepts 457 and 301b. '

The flat-face design depends upon a protruding horn (or
hook) being guided into an opposite recéssed funnel to achieve
lateral and vertical gathering. This gathering, although
larger than the Type "E" system, is limited by the cross-section
of the horn. The two largest gathering rangeskweré exhibited by
Concepts 6a and 9 which were approximately 2.5 times the standard
ranges. ‘ "

Some designs utilized protruding external guide arms or guide
pins in order to facilitate a'gregter gathering range. It was
determined that this concept, although quite workable in low
force situations such as rapid transit applications, does not
have the design strength and'ruggedness required for the rela-
tively uncontrolled rail ffeight service. 1In some designs the
coupler would experience a blocking in which the guard arms
would interlock td prevent coupling. These concepts were set
aside for consideration in the candidate coupling systems.

2) fositive Locking: It is desirable that the mating
units come into compiete locked coupling solely as a result of
the mechanical coupling forces. It is also desirable that some
means other than gravity be utilized to lock the méted couplers
together. It is absolutely requ1red that p051t1ve locking be
achieved without the requirement for addltlonal ‘air or electrical
energy to the coupler head. In addition, it is desirable that
the lock be retained even with the subsequent loss of air or
electrical power, should this be an added feature.

Of the flat-face type of couplers, Concept 9 exhibited the
best locking action with hinged locking hooks, a positive spring
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loaded interlock, and a direct coupler locking action. as a result
of compression of guide pins located on the coupler face.

Of the spread-claw type, Concept 309 exhibited the best
locking mechanism with a spring-loaded hinged locking hook. 1In
addition, Concept 309 exhibited a cost-effective locking mechanism
design composed of six unmachined steel castings assembled with
one locking ‘spring.

3) Reduced Free Slack: The flat=face type of coupler unit
generally exhibited the least-amount of free slack. This was the
result of the design concept requiring a flat machined face as ’
the joining surface between mated couplers. The one eXcepiion
to this (Concept 6a) utilized a cast front face with minimal
machining while still achieving a minimum free  slack of 0.125
inch. There is not general agreement concerning the potential
problems- resulting from damage to the edges of the front machine
faces -on this type of coupler. It is recognized, however, that
there is a potential for damage to these machined edges and/or
warpage of the front machine face, which could cause a decided
increase in free slack and potential problems with completion of
the coupler locking.. ’

"With the spread-claw type of couplers, only one unit ex-
hibited a very small amount of free slack. This unit (Concept
33) depends upop'an_extensive_amount of machining to achieve
this low free slack and:rep;esepts a rather COmplicaﬁgd coupleﬁr
-system, which;would nof be cost. effective. The free sléck of*gl
0.31 inch exhibited by Concept 309 represents the typical free
slack available with a cast forged head design of this type of
coupler. 'Cbncépt 36 exhibited a wedge type takeup device used
in the locking mechanism which resulted in reducing excess slack
as the couplers came into a locked position. This desigh concept
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should be considered for later potential; however, its use has
been restricted to a very light-duty rapid transit system.

4) Vertical Interlock and Entrapment: Several acceptable
concepts were noted to achieve coupler interlock, to prevent
vertical movement after coupling and to trap a mated broken
coupler. The primary locking mechanism for all "rigid" types
of couplérs is the movement of the locking horn into a funnel
or recess in the mating coupler. After the couplers have beeﬁ
securely locked, the overlapping of the adjacent hinged locking
hooks accomplishes the desired interlocking.

In the flat face type of coupler, other interlocking devices
used included a guide pin/dowel interlock (Concept 9) and cast
overlapping external flanges (Concept 6a).

In the spread-claw type of coupler, the basic additional
interlock (in addition to the hinged locking hook) is accomplished
by the tongue and groove effect of the interlocking spread claws.
This concept is typified by Concept 309 or 30la.

5) Summary: Althdugh no one system embodies all of the
desired features, two coupling systems stand out as having the
best overall combination of these features. These are: Concept
309 in the spread-claw type design and Concept 9 in the flat-
face design.

4.2,2,2 Compatible With "E" System

As noted in Section 3 above, there has been a scarcity
of new development efforts applied in the U.S. over the last
several years for new rail freight coupling systems. It is
therefore not surprising that the concepts which were compatible
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with the "E" system related exclusluely to modifications of
the "E," "F," or "H" coupler systems which had been in service
for several years in either freight or passenger service.

The fmproveﬁents in total coupler systems are therefore much -
more modest in these compatlble un1ts than is the case w1th

the noncompat1ble units above.

1) 1Increased Gathering Range: The lateral ‘gathering range
for a type "E" coupler is 2 inches with one knuckle open and 4
inches with both mating coupler knuckles open. 'of'511“the con-
cepts relating to increased gathering range, only one type of
concept was appllcable to couplers which mate with the "E" type
system. This concept is the increased gathering range due to a
change in the coupler knuckle contour. The technlcal relationship
of knuckle contour to overall gatherlng range is as fOllOWS‘

In the "E" type of coupling system, the lateral gathering
range is a function of two basic components: (1) one or ’
both knuckles being open, and (2) the amount of engaging force
exerted by the open knuckle as it comes against the face of the
opposing closed knuckle or guard arm forward contour.

The final alignment of the couplers is the result of the
forces exerted at ‘the knuckle faces.durlng ‘the initial and sub-
sequent slldlng ‘contacts. The ‘lateral forces' suppl1ed by - thls,'f
sliding contact must be sufficient to overcome the friction re-
Quired to ‘move the ent1re coupler head and shank into allgnment
wh11e, at ‘the same t1me, allow1ng a sl1d1ng of the knuckle faces o
jw1thout cau51ng the knuckle of. the open coupler to close premature-
1y before it passes beyond the tip of the opposing coupler nose
and into the closure pocket. Should the.open knuckle close pre-
maturely, the resulting closed knuckle cannot enter into a coupled
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-engagement of the opposing coupler is simultaneously in the knuckle-
closed condition.

The coupler-knuckle contour changes are intended to reshape

the forward and outer surfaces of both the coupler knuckle and
guard arm faces such that the contours will come into direct
sliding contact. The desired contours-would force the opposing
components to be in sliding lateral motion along the entire

length oficontact. ﬂThe cldsing forces would thus be incapable

of forcing the,knuckle:to rotate.from the open to the closed'posi—
tion until the tip of the knuckle had»passed the tip of the
mating.c0qpier. Thé net result is an increase in total gathering
range. - | ' o

Concepts 501 and 502a both concern a coupler knuckle contour
change. Concept 501 achieves the gfeater ihcreasé in lateral
gathering range to a total qf 6.875 inéhes, which is 1.7 times
the standard,total gatheripg range for‘the‘Type<PE" system of 4
inches (assuming that both knuckles are oéen).. -

In the area of increased vertical gathering range, the only
concept giviné an absolute increase in range was the use of the
Type "F" coupler asrgiven in Concept 428b. This type -0of coupler
head increases the vertical gathering range from the AAR Inter-
change Standard requirements of 3 to 4.5 inches. It should'be
noted that the "E" type of coupler head has no restrictions for
vertical movement and, in fact, will_allpw maximum vertical
‘movement. of approximately 7.25 inches before the mated couplers
drop out of connection. There is actually a potential for a
coupling of a "E" type of coupler head above the standard 3 inches
vertical gathering height up to the 7.25 inchés knuckle vertical
height'at which point there is a bypass rather than a completed
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coupling. Therefore, the use of "F" type of coupler head guaran-
tees a capability of 4.5 inches in vertical gathering height, but
may in fact represent a lesser vertical coupling gathering range

than can be accomplished with the unrestricted "E" coupler system.

Concept 702 describes a technique for adding guard-arm exten-
sion faces at the top and bottom on an "E" double-shelf coupler in
order to achieve an increase in vertical gathering range. Such
extensions, however, are viewed with caution, since they must
have considerable strength and rigidity in order to withstand the
normal coupling forces. For example, there were problems reported
from railroad users concerning the damage or complete breakage
-of the side-extending interlocking lug or pocket, which is a de-
sign feature of the Type "F" coupler head system. (See Figure 4-5
for an example of the Type "F" coupler head geometry.) Concept
702 is therefore included as a significant concept; however,
field testing may indicate strength difficiencies in this

concept.

2) Positive Locking: ©No concepts of significance uncovered
in the literature and patent search gave a positive locking tech-
nique for the "E" type of coupler system similar to the locking
mechanisms available for the noncompatible "rigid" type of system
noted in Section 4.2.2.1. The only significant concept which
approached a positive locking feature was Concept 502b. This
concept has been developed and field tested and has been proven
to be fully interchangeable (or "compatible") with the standard
Type "E" or "F" couplers. The operating characteristics are:

A spring loaded mechanism maintains the knuckle in the open
position when the coupler is uncoupled. The knuckle disengagment
plunger is forced rearward by the knuckle of the mating coupler
and thus disengages the automatic spring loaded knuckle opening
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feature permitting the coupler to close and operate normally.

The positive forceful disengagement of the knuckle locking spring
results in a positive release of the'knuCKle locking mechanism
allowing it to drop ‘into place under'gravitationel force.

Th1s does result in a more pos1t1ve locking of the closed
knuckle than is the case with the standard "E" coupler head.
Figure 4-5 pictures Concept 502b as applled to a Type "F" 1nter-
locking coupler head.

3) Reduced Free Slack: Two different AAR coupler designs
currently in field use have a reduced free slack as compared to
the Type "E" system. These are: The AAR Type "F" (Concept 428b),
which has a free slack of 0.37 inch, and the AAR Type "H" (Con-
cept 428a), which has a free slack cf 0.25 inch. These compare
to the basic Type "E" system free slack of 0.78 inch. The only
other significant concept which has the potenfial for reducing
free slack is Concept 501. 1In this concept, a coupler knuckle
contour change was developed in conjunction with the addition of
fronting material on the face of the knuckle to add approximately
0.078 inch to the front of the Type “E" knuckle. Concept 501
therefore results in a free slack of 0.62 inch for two mated
Type "“E" couplers or approximately 0.3 inch for two mated Type
"F" couplers. '

The Type "H" coupler head described in Concept 428a requires
extens1ve machining in order to achleve the m1n1mUm free slack
ThlS coupler was developed for use with passenger cars and has

"potent1al problems of inadequate strength if appl1ed to freight

car service. It is thus summarlzed that the most loglcal con-
cept for imptovement in free slack would be the utilization of
the Type "F" system of Concept 428b used in conjunction with the
modified knuckle contour and front face buildup as exhibited in
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Concept 501. -

4) Vertical Interlock And Entrapment: The AAR Type "F"
interlocking coupler (Concept 428b) was designed to achieve an
interlocking of mated couplers to prevent the drop-off of a
broken coupler in a derailment situation. This interlocking
coupler design is currently used on tank cars or long cars or
those designated for dangerous application. This coupler system,
however, provides a full interlock only when mated with another
Type "F" coupler. When mated with a Type "E" unit, the Type npn
coupler’will allow the mating coupler to ride over the top and
become disengaged should derailment or other forces cause the
vertical movement of the Type "E" ‘coupler.

Two concepts have been developed to correct this "ride-over"
possibility: Concept 52 which applies a top shelf to the Type
"F" coupler, and Concept 54, in which a top and bottom shelf is
added to the standard Type "E" coupler. These and other related
references report that both concepts will ach1eve a vertical in-
terlock and entrapment of a broken mated coupler. Concept 702
applies to Concept 54, the added concept of an additional guard-
arm extension at the top and bottom shelf.faces of the double
shelf Type "E" coupler to achieve a purported increase in lateral
and vertical gathering range in addition to achieving the inter-
locking features. ' |

It is recognized that the Type "F" coupler of Concepts 428b
and 52, although'having less free slack and interlocking features,
is still not sufficiently rigid so as to allow integral air and
electrical connections. 1In addition, the physical space available
within the confines of the coupler head (See Figure 4-5) shows
that there is no space for such internal attachments. If add—on
or external air and electrical connectors are to be considered{
the AAR Type "F" coupler is more'feasible than the Type "E" with
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top and bottom shelf (Concept 54), since the Type "F" utilizes
less vertical space underneath the center line of the coupler
head and has less free slack However, one universal-air connec-
tor is preferable to two separate designs for reductlon of both
initial and maintenance costs. Therefore, an a1r connector de-
signed to handle the gather1ng and free slack of the "E" coupler
system should be chosen, since it w111 automat1cally encompass
the "F" system requirements.

Sj' Summary: Two potential coupler systems emerge from
this analysis of the compatible coupling”concepts. Listed below
are the concepts 1ncluded in Type "F" and "E" coupler systems.

(a) A system based on the Type "F" coupler head
(Concept 428b) has the following mod1f1cat1ons.
1. Addition of a top shelf (Concept 52).
2. Increased gathering range and reduced free
slack by change to knuckle face (Concept 501).
o ‘3. Pos1t1ve knuckle locklng and knuckle open
prov151on (Concept 502b)

k (b) A system based on the use of the standard Type
ngn coupler head system includes the follow1ng mod1f1cat10ns.“

‘1. Addition of a top and bottom shelf (Concept
501). 3 ' ' o

. 2. Increased gather1ng range and reduced free’

slack by change to knuckle face (Concept 501). ’

3. Increased gatherlng by the addltlon of guard-
arms (Conceptb702) Co

4. Positive knuckle locking and knuckle open
prov151on (Concept 502b) '

4.2.2.3 Coupler Location Control
The reasons for néeding coupler location control devices
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are related to the instability of long cars on curves. In-
stability on curves results from a high lateral component of
coupler force which is brought about by high shank angles be-
tween adjacent couplers. Poséible solutions to this éroblem
are: _ ' h | '

1) Reduce car length'and overhang

2) Increase thevligh; car weight

3) Lengthen the coupler to reduce the shank angle.

_Car length and light car weight are dictated by economics
which have been previously‘eStablished. Car length overhang
is,dictated by the length of the car and the required radius
which the ¢ar must'traverse;. Thus, the only practical solution
_is to léngthen the coupler.

The lengthening of the coupler increases the problem of
"jackknifing" between ﬁated_qouplers. .The best practical means
of avoiding such jackknifing is to use an interlocking éoupler
head. Such interlocking decreases the amount of play between
adjacent coupler heads and therefore requires a vertical inoting
of the shank to permit the required vertical movement between
the coupled heads. The long-éhank couplers must also be mounted
such that they pivot in their yokes to permit cars to operate on
standard radius curves. Unless they érevkept centered by some
means, such long cat;couplers tend to become misaligned after
being uncoupled as the result of lateral forces (suéh-as involved
in switching wherein the car transverses a sharp curve).

It should aléo be noted that during 0pérating conditions
encounte:ed>by loaded trains, fast or emergency braking of the
train can result in an eccentric loading of the coupler such
that the connected couplers have a téndency to swing laterally
"with resultant outward forces tending toward derailment of
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the coupled cars.

Therefore, to be effective from both an operational and
safety viewpoint, coupler locating devicés are desirable on long
cars. Moreover,\to achieVé maximum.operatiﬁg safety under emer-
gency stop conditions, such devices should have a tendency'to
maintain a centering of the coupler shank in both the coupléd
and uncoupled condition. To have the greatest effectiveness,
it is desirable that the centering device apply a greater :
force directed toward centering the shank when the car is under
extreme buff conditions such as is encountered during emergency
braking operétions. . |

~ 1) Types Of Location Control Devices: Concepts for fwo
types of location control systems'have been reviewed: centering
and positioning devices. A coupler centering device (See )
Figure 4-6) assures that the coupler is centered with respéct
to the centerline of the track when on straight tahgént track
or on a slight curve. It is the concensus of the technical
material reviewed that cenﬁerin§ devices would femedy apptoii—_
maﬁely 50 percent of all operating bypasses occuring on sﬁort
cars (assuming the use of Type "E" couplers). On the other
hand, centering devices would not be particularly effective ﬁdr
long cars (because of the long effective coupler length and
overhang of the end of the car from the truck centers), except
to the extent that they would keep the long-shank coupiers'from
sliding to one side during uncoupled yard switqhing movements.

A coupler positioning device (See Figure 447) assures
that the coupler head is centered toward the centerline of the
track. The positioning'device senses the'change of angularity
between the car trucks and the centerline of the car bddy uponv
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which the coupler mounting sill is attached) and guides the coup-
ler head through an interconnecting device. As the car traverses
a curve, the trucks follow the track and change the relative
angle w1th the centerllne of the car. This change in angle is
then transmltted through a mechanlcal and/or hydraullc 11nkage to
p051t1on the coupler head in the direction that ‘the trucks are |
turnlng, thus tendlng to keep the coupler head in allgnment

ready for the next coupllng operatlon. Although practlcal pOSl-
t1on1ng dev1ces cannot assure absolute track centerlng of the
coupler head on long cars, they can functlon to br1ng the coupler
head within expanded gatherlng ranges poss1ble with Type "E" and
Type "F" coupler heads. '

Coupler centerlng dev1ces are in w1despread use 1n rap1d
tran51t appllcatlons and, to a lesser extent, in ra11road frelght
service. Coupler pos1t1on1ng dev1ces are. only in very 11m1ted
use because of the1r h1gh 1n1t1a1 cost and experlence with damage
and ma1ntenance problems 1n actual usage.‘

C It 1s the concensus of techn1ca1 reports that effectlvely
de51gned p051t10n1ng dev1ces would el1m1nate from 80 to 90 per-
cent of all bypasses occurrlng w1th long cars and approx1mately
95 percent of all bypasses w1th short cars. This concensus )
assumes the cont1nuat1on of the same gatherlng capabllltles as
is currently ava11able w1th the Type "E“ coupler head in use on
short cars and the Type "F" coupler head generally in use on
long cars.' No data.were revrewed which related quant1tat1ve
information Showing the bypass probability when only one car'of
the coupled pair had a positioning device installed.

2) Undes1rable Features- More than 25 dlfferent 51gn1f1-
cant concepts were rev1ewed wh1ch related to center1ng and

p051t10n1ng devices. Most of these dev1ces were shown to have
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a tendency to malfunction mechanically or to be subject to ex-
cessive damage and maintenance problems in the field. These
undesirable design features include:

(a) Complicated compound control linkages (field da-
mage and replacement problems were universally associated with
complicated linkage systems).

(b) Chain and cable linkage (potential problems for
harmonic vibration and shock damage are inherent where light
gauge chains or cables are used).

(c) Unprotected hydraulic cylinders (subject to ex-
cessive road damage and leakage).

(d) Passive air cylinders (introduce an element of
system unreliability unless the air cylinders are well protected
or are subject to frequent maintenance inspection for leakage).

(e) Air-inflated rubber boots (subject to environmental
embrittlement and loss of centering capability).

(f) Use of rubber as the sole centering force (subject
to loss of return force capabilities as a function of fatigue and
environmental deterioration).

(g) Design with high leverage moments (potential for
loss of control capability as expected environmental grime accumu-
lates in the control mechanism).

(h) Light duty structural design (subject to low re-
liability and high maintenance due to expected wear, shock, and
vibration damage).

(i) Manual disengagement under load. (During the expect-
ed coupler transition period, there will be cars which are unequip-
ped with any centering devices which will result in the need to
position the coupler head of the unequipped car manually. If
the centering or positioning device does not have a force-free
center location, it becomes physically difficult if not impossi-
ble for one man to disengage the location control device and posi-

tion it to the center.)
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3) Centering Devices: A review of the technical concepts
of the various centering devices résulted in most being set aside
as truly significant on the basis of shortcbmings for one or more
of the problem areas defined in the undesifable features seétion
noted above. Of the remaining concepts, three types stand out
as meriting potential application. These are: '

(a) Self-éentering with the draft gear systems.
Concept 26 uses the draft gear compression force to center the
“shank with the centerline of the car at any angularity greater
than 4 degrees. Concept 1190 uses the buffing‘force of the
draft gear return spring to apply a bias force against lateral
extended bearlng surfaces on the shank butt to achieve a self—
centering beyond a designed "free force" center range of approx1—
mately 4 degrees.

The 4 degree offset would tend to center a'shorf‘cbupler‘
within 2 inches of the center line and within 4.2 inches for a
long car. Technical literature suggests that angularity éboﬁe.
plus or minus 4 degrees would be expected from 10 to 20 pétéént

of the operating time.

(b) Centering aided with side springs. Concept 318
includes a concept in‘which the springs apply recentering force
at lateral movements greater than 1.2 inches off the center11ne.
This concept would achieve a greater centering capab111ty than
self-centering by reason of the external spring force while main-
taining the potential for easy manual release of the céntering
device should it be required for coupling with unequipped cars.

(c) Centering with external force wherein the center-
ing system is automatically engaged from an external remote signal.
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Concept 503a defines an air cyclinder system which is auto-
matically engaged or disengaged through a train line automatic
control system. This concept is technically feasible if there
is an inter-car control system, since it utilizes the readily
available air line pressure for the energy to be applied to the
cenﬁering cylinders. To protect against road damage, it ié
assumed that the operating plungers and the air cylinders would
be housed within a closed area extending on both sides of the
bell housing underneath the car sill.

4) Positioning Devices: The only positioning device which
appears to meet the needs of the general requirements as stated
above is Concept 31b. This is a simple system primarily composed
of two hydraulic cylinders which operate from the relative truck/
car movements to move directly the coupler shank. The cylinder
plungers are protected and have short strokes which would minimize
possible scoring damage from external blows. The system offers
the potential for easy mechanical disengagement to allow for
manual centering. It is realized that this system would primari-
ly:be used for a long coupler unit, which would be quite heavy
and thus difficult to move by hand after the positioning device
was disengaged. It must likewise be recognized that éil position-
ing devices are sufficiently complicated that they should be

subject to required periodic maintenance and inspection.

5) Reduced Contour Angling: As noted in the general
requirements above, long cars require the use of long shank coup-
lers, which in turn dictate the need for interlocking coupler
heads. The net effect is a decrease in the required swing angle
of the coupler shank and therefore a reduced contour ang;ing.

Accordingly, a secondary benefit in the use of any of the
interlocking coupler designs noted in 4.2.2.1 or 4.2.2.2, will
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be reduced contour angling.

The centering device of Concept 1190 has a definite appli-
cation for reducing contour angling possibilities and potential
for derailments. In this concept, the unit imposes a centering
force on the coupler shank with increasing magnitude as the buff
forces are increased on the coupler (such as in emergency braking

situations). '

The draft gear impact-absorbing device includes a center
return draft spring which acts through a yoke onto the coupler
shank. The draft gear yoke and the coupler shank butt have -
spherical bearing‘surfaces'on either side. During lateral move-
'ment'of the coupler, the shank leaves the sperlcal bear1ng surfaces
and abutts on one of the side extending portlons in the yoke.

This results in the force of the return spring in the draft-gear
?belng exerted ‘on one side of the coupler shank thus there is

a centering force applied to the shank. A greater thrust agalnst.
the return spring (as involved in greater bufflng forces) results
in a greater centering‘force being applied to the outer lip -of
the shank butt. The result is a reduced contour angling and a
reduced lateral force vector, which lowers the probability for a
derailment. ' h

4,2.2.4 Reduced Maintenance

Each of the design concepts relating to reducing free slack
or interlocking coupler heads has a secondary benefit of reducing
coupler maintenance because of a reduction in wear on the coupler
head. 1In addition, the standard manganese-steel wear plates,
which are,universally used at heavy friction wear points, result
in reduced long-term maintenance.
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The only concept which specifically addressed itself to
reduced maintenance was the use of lubrication fittings as
defined in Concept 503a. This is not a new engineering concept,
but it represents the type of small initial cost in a cbupler
system which can result in extensive reduction in long-range
maintenance costs. Even though the lubrication fittings may not
be used in a scheduled periodic maintenance program, the use of
this design concept should be applied universally at heavy wear
points in coupler systems to help reduce component wear.

‘The use.of other materiels for the standard wear plates
has not been included as a new concept, since the manufacturers
who supply wear plate materials are continually in a program
of upgrading the value of these wear plates by'increasing their
wear and self-lubrication properties. ' ' '

4.2.3 Mechanical Upcoupling {(Category III)

Mechanical uncoupling system design capabilities are limited

by the overall coupler design. 'Thus, the cencepts for mechanical. ,;>

uncoupllng are logically deflned by the two design types ("free"
and’ "rlgld") of construction as outllned in Section 4.2.2.  The.
'analy51s of the varlous uncoupllng concepts was therefore grouped:
similar to Section 4.2.2 for those which were noncompatlble with =
the "E" system and those which are compatible with the current

basic system.

Once characterized in terms of cempatebility, each concept
was reviewed for impact upon functional characteristics involving
improvement of uncoupling or recoupling capability. "In addition
to examlnatlon of specific functional characteristics, emphas1s

was placed upon analysis of each concept concerning its potent1a1
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to operate satisfactorily under the expected environmental ex-
tremes, particularly with respect to contamination and mechanical
damage.

4.2.3.1 Noncompatible with "E" System

The Concepts falling into this category are generally appli-
cable to the "rigid" type of coupling systems, which include the
flat-face and spread-claw types. Some of the control systems
to be discussed in the subsection "Automatic Uncoupling Release
From Within Train" are potentially applicable as control mecha-
nisms for compatible systems. This possibility will be discussed,
however, in the general systems discussion of Sectiqn 4.2.4.

1) Alternate Side Levef Uncoupling: Only two systems of-
feréd:concépts including the addition of an alternate mechanical
sidé lever fo‘initiaté uncoupling{A*These were Concepts 30la and
309. This concept allows the poténtial'for initiating the mech-
anical uncoupling from either side of the car, which would be a
particular advantage for switching in flat yard operations. The
concepts included a second uncoupling lever attached to the
coupler head with a cable connection or a rigid joint-and-shaft
syétem, with the latter system as shown in Concepts 309 being
the more preferable as being a mirror image of the proven

uncoupling system.

2) Side of Car (Push-Button) .Uncoupling: For increased
switchman safety, it is desirable that mechanical uhcoupling
could be initated at a point outboard from the outside surface
of the car. This could be accomplished by either a mechanical
linkage or other remote connection device.

Concept 309 included the concept of an uncoupling release
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by operatlng an air valve located at the extreme outside of the
car. Slm1larly, Concept 51la 1ncluded 1n1t1at10n of uncoupling

by operating the pneumatic uncoupllng system from an alr valve
‘Hat the side of the car. 1In the electropneumatlc control system,
Concept 254, there is an opt1on for an electrlcal sw1tch .at the
car exterior which would 1n1t1ate uncoupllng through the electro-
jpneumatlc control system. Each of these concepts appears to offer
an equal potentlal for side-of- -car uncoupllng, both Concepts 309
and Slla are dependent only upon an air system, wh11e Concept

254 requlres both an a1r and electrlcal control system.

3) :Automatic Uncoupllng Release-FromAWithin Train- Sever-
al concepts were evaluated which had a capab111ty for 1n1t1at1ng
'the uncoupllng sequence by an external source. For the most
part, these 1nvolved the uncoupllng release from w1th1n the. car
belng uncoupled (as requ1red for rapid tran51t appl1cat10ns)
Eour dlfferent technlques of control were. used. A listing of
these technlques and the concept references follows-' ’

B (a) Electropneumatlc system - in whlch the 51gna1
is generated electrlcally and then followed by . the uncoupllng
force be1ng generated from a pneumatlc force cyllnder.- Concepts
9, 27, 33, 36, 254, and 503a are s1gn1f1cant The only prob-,
lems notéd’ w1th any of these systems was . that related to. exces-
s1ve force requlred to operate the uncoupl1ng mechan1sm such
as is the case of Concept 33. The other systems are best )
character1zed by Concept 254 wh1ch embod1es features 1ncluded
ln other concepts., _

' (b) Pneumatlc sw1tch control - in wh1ch uncoupllng 1s
1n1t1ated through ‘an a1r pressure 51gna1 transmltted remote from
the coupler area.' This concept was 1ncluded 1n Concepts 301b
309, 391, and Slla. Each of these systems was 11m1ted however,
to the uncoupllng s1gnal coming from the ‘adjacent car and is not
considered generally adaptable to a long train s1tuat1on pendlng
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some sort of inter-car connection including a logic and control
system. The best of these systems is characterized by Concept
309. The vacuum brake release system concept of Concept 45b
could be considered for this type of uncoupling control, however,
it is considered to have greater control difficulties and would
likewise need a separate logic and control system.

(c) Electric switching - in which the external control
s1gna1 1s transmitted electrlcally to the coupler head with the
' uncoupllng lever actuated by an electrical solenoid or linear
actuator. This conCept‘was embodied in Concept 301b and 450a.
A review of user reports indicates a continuing problem with
direct electr1ca1 solenoid operatlon of the uncoupllng mechanism.
Env1ronmenta1 contamlnatlon can cause a binding of the uncoupllng
mechanism and, if the coupler is in any force state other than
.free.slack there is possibility of b1nd1ng due to buff or '

3_}draft forces. - None of the coupllng concepts whlch were re- .

: v1ewed offered a solutlon to these potent1a1 b1nd1ng problems.
Therefore, the d1rect electrical operatlon of uncoupllng mechan-
isms through electrical solenoid or linear electrical actuators
is not recommended. - )

' 4) Automatic Uncoupling Release From A Point External To
Train: Among the several concepts reviewed were systems for
an external mechanism to operate the standard uncoupling lever.
These included, for example, a rotating“brush system which would
force up the uncoupling lever as the brush system rotated bet-
ween the cars to be uncoupled. A second system for performing
the same operation was an electric eye which would detect the
opening between cars and actuate an arm system which would
mechanically raise the uncoupling lever. These and other
totally external systems were not evaluated as being signi—
‘ficant, since they applied to a system which was totally ex-
ternal to the train.
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The only concept directly applicable for an external control
system was Concept 450b, a microwave transmission control system.
This is a viable concept for control,  assuming that each car has
its. own: logic system, and its own power generation system, or
that. there is an intercar electrical power connection and appro-
priate electric or pneumatic uncoupling devices are included in

each car uncoupling system.

-Concepts relating to an external electromagnetic uncoupling
signal were not included as significant, since these depended
upon the need of a electromagnetic coupling between cars (such
as Concept 1150), which is not accepted as being a viable concept
because of. the extremely high- force 'and electromagnetic currents
which would be required in order to maintain the coupling of all

road operating conditions.

5) Uncoupling in Draft: A basic design feature of all
coupler systems reviewed was that they are designed to have in-
creasing resistance to uncoupling as the draft loads increase.
This results in an increasing bind on the unlocking components
as the draft load increases, which has the tendency to prevent
accidental:uncoupling as the locking mechanism components become
worn. This is considered to be a desirable feature as it relates
to safety of operation.

Two types of unlocking mechanisms were demonstrated. Hooks
forced apart by sliding rod or wedge action (such as Concepts 33,
47a, and 51la), and hooks forced apart by a rotating cam action
(such as Concepts'9, 27, 301a, 391, 457, 503a). The sliding wedge
or rod unlocking systems all evidenced binding and force problems
with minimal draft forces. The rotating cam unlocking concepts
indicated unlocking forces of about 100 (Concept 30la) to 1,000
pounds (Concept 503a) and up to a maximum of 8,800 pounds
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(Concept 391) by use of a pneumatic force booster.

. In summary, the concept of uncoupling in draft is not
considered to be a viable concept except when it involves nomin-
ally low draft.loads. Even the highest draft load uncoupling
capability evidenced in Concept 391 was obtained only with the
use of a' full 100 psi line pressure acting through an air cylin-
der. Since switching operations. would be enhanced by a capabili-
ty for uncoupling. in draft, a rotating, air-force boosted,
unlocking cam (such as in Concept 391) is suggested as the -most

viable concept.

6) Knuckle. (Or Locking Mechanism) Always Open After
Uncoupling: Probably the most important feature relating to the
reduction of the probability of coupler bypass is the knuckle
open feature. 1In the noncompatible coupler systems, most of
the designs included this concept. Two different techniques
were utilized: a spring-loaded locking device and a gravity-

drop locking device.

Those concepts offering a spring-loaded locking hook, plate
or pawl included Concepts 6a, 9, 27, 33, 301b, 391, 448a, 457,
503a, 51la, and 5l16a. Of these, the better systems were those
having a spring-loaded locking hook or pawl, with Concept 309
perhaps exhibiting the typical system in this regard. However,
almost all of the other: concepts share equally in this capabili-

Cty.

The gravity-drop type of locking system as evidenced in
Concept 47a is not considered acceptable for this requirement
since the unforced gravity lock drop system is subject to poten-
tial jam-up due to accumulation of environmental grime, etc.
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7) Mechanism To Prevent Coupling: Two concepts 1nd1cated
a capablllty for manual lockout of the coupler locklng system
in the closed pos1tlon. Concept 309 contained a prov191on to’
lock open the locking pawl manually to prevent automatic recou—"
pling upon subsequent coupler contact. Concept 457 contained
a provision whereby the uncoupllng lever could be locked in the
position holding the locking hooks open. The provision offered
by these concepts seems desirable as an aid to yard switching
operations by preventing the automatlc recoupllng of cars for

temporary car movement operatlons.

8) “~Summary: The coupler system Concept 309 has been pre—
viously identified as having the best overall features in the
Category II of mechanical coupling. This system also exh1b1ts
the greatest potentiel for including the desirable characteris-
tics of mechanical uncoupling. An additional desirable feature
would be the addition of the rotating cam uncoupling concept '
as noted in Concept 391, which would increase the'potential for
uncoupling in draft. Wheré a full train-control system is
desired, Concept 254 offers the greatest potentlal for accom-
plishment of automatic uncoupling from the side of the car or
elsewhere within the train. If automatic uncoupllng release
is desired from a source external to the. traln, the only v1able
concept is Concept 450b i )

4.2.3.2 Compatible With "E" Systenm

As previously indicated, there were considerably'fewer
concepts applicable to changes compatible with the "E" type
coupler system. These did, however, address themselves to some
of the more pressing problems in the present'COUpler'system.

1) Alternate Side Lever Uncoupling: The Type "H" tight
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lock coupler system (Concept 428a) offers an optional double
lock 1ift assemhly which allows for the use of a second side
uncoupling lever. Concept'502b includes the provision for a
rotary bottom lock set unit, which likewise allows for the use.
of a second side uncoupling lever. Both of these are viable
concepts,and have been in use in passenger car and locomotive
applications. o -

2) Remote Uncoupling: Two types of remote uncoupling
systems were reviewed, each relatlng to the operation of the
Type "E" system uncoupling lever by use of a remotely controlled
device involving the use of hydraulic or electrical forces.

Concepts 1046 and 943 refer to a hydraullcally operated
mechanism wh1ch directly operates the uncoupling linkage in the
standard Type "E" coupler system. Since this type. of uncoupling
mechanism has been successfully demonstrated for the noncompatible
systems (Concepts 309, 391), this approach has def1n1te potential’
~assum1ng that it is assoc1ated with an acceptable control system.

éoncepts 502c and 1045 rely on-operation of the uncoupling
levers directly from the force of an electric solen01d. This.
approach is not accepted as totally feasible because of. the pro-
blems of excessive power load which can possibly be required to
"pbreak loose" the uncoupling rod and mechanism when they are in
a bind or locked into position from environmental factors. .

Side of car pushbutton operation of the uncoupling lever
could be accomplished by use of Concept 674 in which remote actua-
tion of an air valve is made possible through the use of a flexible
cable system. This concept_would‘be used in conjunction.with the
hydraulic uncoupling mechanism operation of Concept 943.
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For control of unlockihg mechanisms from within the train,
Concept 254 offers the best potent1a1 for hav1ng a comblnatlon of

electropneumatic control of the various uncoupllng mechanlsms.

‘Where uncoupling is to be 1n1t1ated external to the tra1n,
Concept 450b, the m1crowave transmission system, offers the great—
est promise. 1In either case the use of these remote control
systems would requ1re inter-car connectlons and a loglc and con—

‘trol 'system.

3) Uncoupling In Draft: None of the concepts reviewed
were considered to be either viable or significant in terms of
accomplishing uncoupling in draft for the "E" tYpe coupler
system.

4) Knuckle Always Open After Uncoupling: Only Concept
502b was considered to be viable and significant in terms of
an automatic knuckle open condition at uncoupling. In this
concept,:the knuckle is held in the opeh‘position after un-
cbupling by the force of a spring-loaded lever. The spfing»
force maintains the knuékleVOPeh to prevent accidental vibra-
tion or ‘$hock closure during switching operations. 'The spring
loading can be removed only by the mechanical force of a mating
coupler as it comes into final coupling engagement. ' o

5) Summary: Concept 502b 1ncorporates the knuckle open
‘capability and provides the design potential for use of an
alternate side lever. " For remote uncoupling capabilities, a
hydraulic or pneumatic operating lever of Concept 943 can be
utilized in conjunction with the cable remote actuator, Concept
674, or with the external control mechanism Cbncépt”254 If re-
mote actuation control 1s desired, Concept 450b offers potent1a1

for control external to the train.
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4.2.4 General Systems (Category IV)

The various system control concepts which were reviewed were
generally applicable only to noncompatible "rigid" type coupling
systems or to compatible add-on systems. This was particularly
Atrue‘of brake,contrpl and elecfrié train line systems. The train
éeﬁsing and control systems, hoﬁever, are related to . the general
logic and control functions, which are basically accomplished.
separate'from the coupler. These latter concepts were therefore
grouped together as being equally applicable to all types of
coupling systems. A :

4.2.4.1 Brake Control System

1) Noncompatible Integral Systems: These concepts are
closely related to those listed in Sections 4.2.1.3 and 4.2.1.4
above in that brake control is interrelated with operation
of the airiine valves. Two system concepts were evaluated, -
namely: direct electrical brake control and electrical signal
~control to oberate braking from pneumatic means. Electrical
braking of freight cars (as‘in Concept 450a) is not considered
practical Because of the extreme braking energy which is required
and the associated electrical power demands both at the car and

in car interconnections.

Electropneumatic brake control concepts were exhibited in
Concepts 9, 27, 254, and 503a. Concept 254 is assessed as having
the most complete overall braké control systém and with the
most potential for a reliable system.

~2) Compatible Add-On System: Concept 45b included a sys-
tem for centrally operating brake release on all cars by way of

a second airline system. Pulses of 2 psi vacuum would be made
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to operate quick release valves located on each car. Such a sys-
tem would bé applicable to bleed all cars simultaneously in pre-
paration for hump switching. Considering the cost, opefatienal,
and safety problems involved with a second complete airline system
capable of transmitting vacuum as compared to the minimal benefits
of simultaneous car bleeding for hump-sWitching; this concept is
not ‘considered sufficiently realistic for consideration. In addi-
tion there is good reason to question the capability of'maihtaining
a nominal vacuum throughout the interconnection system involved

in a long train. ’ '

Concept 22 includes provisions for maintaining the car
pressure and therefore leaving brakes unset under intentional
uncoupling conditions (operation of uncodpliﬁg lever initiates
the valve action) and automatically sets the brakes undeér unin-
tentional uncoupling conditions. T '

©:4,2,4,2' Electrical Train Llne Systems of Noncompatlble‘
‘Integral Types . o ;

The concepts relating to electrical train line systems
- génerally divide themselves among the spread-claw type of"
"semirigid" coupler systems where few eléctrical circuits
were utilized and for the flat-face "rlgld" coupler systems

where large numbers of electrical 01rcu1ts were requlred

1) Automatic=ConnecE19n:? The cbncepts relating to auto-
matic. connection devices were divided into connection systems
located on the top, sides, bottom, or w1th1n the face of ‘the
"rigid" coupler system. ‘ ' '

As 1nd1cated 1n subsectlon 4 2.1. 1 in the discussion of
airvconnector systems, the attachment of electrical or air
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systems above the primary coupler face is not considered an
acceptable concept. This approach (Concept 301b) involves
the use of space, which has too great a potential for damage
from loading and operations. ‘

_ Electrical connector systems lécated on either side of the
- flat faced "rigid" coupler included Concepts 254, 30lb, 450a,
and 51la. ' o

Those condeptsﬁutilizing a connector system suspended below
the flat coupler face included Concepts 9, 27, 391, 5034, and 5lla.

Both the side—éupported and lower-suspended electrical
.connection systems offer the potential'for.large.numbers of -con-
tacts to be included in the electrical system. The potential ad-
vantageé of support rigidity, qohtact,protection, and insulation
are considered equal for these two approaches. The primary
disadvantage to the lower-suspended electrical connection system
is that it is subjected to a slightly greater degree of environ-=
mental contamination, particularly with respect to water and ice
thrown up from the road bed during normal- operations. 1In
several technical reports, there was reference to ice and rusting
problems. in fhevlower-spspended electrical boxes.

‘Thé side-supported electrical boxes, although in a better
positioﬁ with respect to environmental contamination, are subject
to greater potential for bypass damage. .In addition, the side-
supportéd units have,é gréate; problem in maintaining-adequate
protection of these electrical boxes from damage resulting from
coupling oh curves or with couplers at diverging angles.

The spread-claw type of "semirigid"™ coupler lends itself
to electrical connections being contained within a protected
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central portion of the coupler. Concepts embodying this princi-
ple included 33, 36, 45, and 309. From an environmental protec-
tion viewpoint, this concept offers greater potential in the

operational environment required in freight rail service.

2) Contact Capacities: Automatic electric connectors
have been subject to intensive development effort for use with
rapid transit cars. This epplication required the transmission
‘of significant power levels and the utilization of extensive’
number of circuits. On the other hand, the rapid transit appli-
cation did not require capabilities for meeting severe environ-

mental requirements, as in the case of freight rail service.

In addition, rail freight connectors for either air or elec-
tricity must withstand a greater amount of coupler motion because
of manufacturing tolerances and‘operational wear. Electrical
connectors must tolerate a sliding motion during the coupling
operatlon and contlnuous v1brat10n and shock motion durlng ra11
operatlons over rough track.

Two types of concepts were evaluated with'respeotito the4
technique of making the electrical connection: butt type éndl
pin/socket type connections. '

The butt type connection includea Concepts 9, 27, 36, 30lb,
450a{ 503a, '511a, and 516b. The best of these concepts included
a spring backup system with a rotatlng contact technlque as used
in Concept 450a. This technique requires the contact to rotate
about its centrai axis while it is belng forced forward by a '
loading spring. This offers a distinct potential for overcoming
environmental‘bulldup on the butt surface of the contactor by
a wiping action while the contactor is making final connection.
Silver plated contact tips (Concept 516b) or replaceable silver
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contact tips are desirable for this type of butt connector.

The pin/socket type of contactoruwas exhibited in Concept
33, 45¢c, and 309, all applying to spread-claw type couplers.
Problems with burning of contact surfaces while switching under
load_were_noted with Concept 45c. This problem, however, is con-
sidered of lesser difficulty than the inherent problem of over-
coming the shearing.forces on electrical contacts involved in
the lateral and vertical movement of mated couplers. Since
long-range coupler wearlng (and therefore increase in free slack)
is not a controllable item, it is belleved that the p1n/socket
concept of electrical contactlng is not as feas1ble for rail
freight service as are butt type contacts.

~3) Automatic Sequenc1ng of Contactors-‘ Thevproblem of

arcing between electrical contactors was ev1denced in several
of the techn1cal references. Although some concepts of sequenc-
ing electrical contactors reported to make a “qu1ck"gengagement
of the contacts, it is still concluded that any contact c1rcu1t
completion under conditions of heavy amperage load will result
in arc1ng or pitting of ‘the contacts and reduced contact life
and'rel1ab111ty. Three poss1ble solutions are offered to this
problem: _ _ . )

(a) All contact engagement to be made with electric-
ally dead contacts. In such 31tuatlon, the locomotive control
must energ1ze all electr1ca1 circuits after coupllng and deener-
gize them prlor to uncoupllng. .

(b) Use of p1lot contactors wh1ch energlze a very
Yow power c1rcu1t, which in turn actuates an external contact
clos1ng mechanlsm (such as Concept 503b), which then closes
the electr1cal circuit to the already mated contactors.

(c) The use of 1ow electical power c1rcu1ts on all
electrical contactors to operate solid state type electrical
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switching devices which 1n turn energize pneumatlc devices
which accomplish the high energy functions. (This concept
is basically embodied in Concept 516b.) This approach could
be used in combination with the pilot contactor concept of

(b) above.

‘Many different technlques have been suggested for automat1—

cally sequenc1ng the contactors 1nto p051t1on. The 51gn1f1cant
oncepts are’ grouped as follows-

(a) Contact block engaged by air 1nf1at1on of a
plston or dlaphragm (Concepts 9, 27, 254, 301b, and 516b) - Of
these, the more promising are Concepts 254 and’ 516b A most
de51rab1e feature for manually extendlng or retractlng the
electr1ca1 contactor p1ns is embodied in Concept 516b. Thls
would allow an excellent backup system in case of a malfunctlon
‘of the basic control or air inflation’ system.

(b) Contact closure through use of mercury relays
(Concept 450a and 503a) is not considered an acceptable approach
since the mercury contact system has a potentlal for extraneous
circuit completion or malfunction as a result of v1brat10n and
shock forces which are expected 1n all phases of rail operatlons.

(c) Mechanical leverlng of contactor durlng the coupl—
1ng sequence (Concept 51la) is con51dered to have too many
potential difficulties because the close 1nterlock1ng tolerances
requlred from the matlng surfaces. In thlS concept the electri-
cal contacts are engaged under sprlng force wh11e the coupler
faces” are approximately 0. 625 inch’ apart. This’ 1ncreases the
depth to which the 1nsu1ators must engage and magnlfles the
problem from slight mlsallgnment in" the’ coup11ng "heads wh1ch
would be corrected during the final 0.625 inch travel.

Good maintenance features were noted in Concept 254 relatlng

to the ease of ‘femoval of the contact ‘box after engagement for
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" any maintenance requirements.. In the spread-claw type of
coupler design .contact system, Cohcept 309 exhibited the best
system for removal of the contact system from the rear of mated
couplets.

4) Environmental Pretection of Connectors: The performanceb
requirement that all coupler systems must be compatible with the
expected operating environment is particularly relevant to the
design of electric connectors. ' Contact corrosion problems can
be surmounted or controlled by the use of specificail& desighed
component materials. (such as silver piating in Concept 516b).
Specific environmental conditions which could cause preblems
with electrical connectors include: v - , . |

_ (a) High humidity and water conditions which lead A
to potentially high corrosion rates created by galvanic corrosion
initated by electric potential across the dissimilér materials.
' : (b) Temperature extremes &arying'from -50 degrees F
to +140 degrees F may be encountered as the. freight cars are in
use or on storage tracks. Th1s environment can have a partlcular
1mpact in deterloratlon of fubber d1aphragms or. embrlttlement of
of plastlc insulator materials.

. (¢) Basic surface contamination of dust, dirt, or
environmental grime can be expected to build up on the electrical
contactor faces and 1n moving portions of the system.

(da) Exten51ve vibration and shock is.expected on all
parts of the system during road operations. 1In addition, the
electrical connector (and air connector if supported below the
coupler head) will be subject to impact damage from flying rocks
and debris while the train is in motion.

The approach taken in almost all concepts to protect
against environmental damage to, or interference with, connector

operation has been the use of ‘an environmental protection cover.
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The cover apparently gives good environmental protection but
universally presents a problem in assuring that the cover is
opened up or pushed aside prior to final coupling, in order
that the electrical contacts are open. The three different
approaches taken to accomplish this cover movement were:

(a) Direct.retraction of a lower mounted cover by
coupler movement of a guide pin.or push bar (Concepts 51la and
516b) are analyzed as having distinct problems for consistent.
operation. 1In the case of Concept .51la, the door depressing pin
would be subject to damage or deformation from coupling forces
involved in wide angle coupling. 1In Concept 516b, the horizontal
push bar would have a high probability of incurring damage from
coupling impacts on one edge of the pushbar. Any pushbar or
difect=acting pin would have to be extremely strong to withstand
the lateral forces of coupling while depressing smoothly as re-
quired to operate the cover mechanism. In addition, Concept 516b
utilized a lower recessed track in which the box cover would
slide. This concept would have a.high probability of clogging
up with grime or ice and thus blocking the path needed for movement
of the cover.

(b) * A wedging or levering aside of the cover by direct
contact from the opposing cover. (or a guide arm extending outward
on the cover) was exhibited by Concepts 9, 27, 33, 36, 43c, 254,
309, 503a, and 516b). There were numerous reports from users as
to difficulties on this type of cover mechanism. in which coupling
damage occurred to the cover which prevented it-opefating smoothly
‘enough to be levered aside prior to the final coupling. These
reports of coupling damage were particularly prevalent on the
side mounted electical connector unit.

"(c) Removal of the cover after the mechanical coupling

was complete was exhibited by Concepts 301lb. In this system, the
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completion of the mechanical coupling engaged a switching mechan-
ism which released pneumatic pressure to lever aside the electri-
cal contactor cover following which a separate pneumatic piston
operated to move the conpécts forward into electrical mating. No
environmental protection cover was used as an option in Concept
516b, in which case a sealing gasket was used around the periphery
of the face of the electrical contactors to provide a tight seal
between opposing electrical boxes when coupled. It should be:
noted that a large number of rapid transit electrical box covers
have been reported to be removed following damage suffered in

rapid transit service,.

Other'refinements‘which were noted to. have good promise
include the usé of-nylon bushings for all pivot points on the door
(Concept 36).  This was found to decrease door opening .resistance
under environﬁental conditions and .improve the mechanical lever-
ing aside of the cover. Electric deicing has been tried in
rapid transit service and has .not been found to be effective be-
cause of ‘mechanical difficulties encountered with this_éystem
between times when the deicing system was required for use. In
addition, for rail freight service, electric deicing would only
be operative on the one electric box attached to the power gen-
efating system and would not be applicable for cars during yard
switching operations prior to their being coupled. A concept
of applying. plastic covers to the inner and outer surfaces Bf
the c¢onnector covers was used in Concept 516b to protect electri-
cal pins from an-accidental short circuit in the event of a bent

or damaged cover assembly.
4.2.4.3 Electrical Train Line Systems Of Compatible Add-On Types

In terms of specific add-on systems which are compatible
with the Type "E" system, a minimum of new cbncepts were available
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able for review and analysis. These are commented upon below
with reference to the particular capabilities of each concept.

1) Concept 22: ‘This is an added eléctrical connection
device'Which is attached to the air connection system which
is attached under the head of an "E" type coupler system. The
best features of this electrical connector is that it utilizes
the basic gathering capabilities and the spring-loaded seating

capabilities of the basic air connector system.

- 2) Concept 502c: This elect;ical'connedtion system is
applicable only to a "F" type of'systemvin that it is intégﬁally 
attached with the air connector and is dependent upon the basic
gathering capability of the "F" type coupler head in order to
achieve the primary gathering of the air/electrical connector
head. The electrical portion of this system utilizes the
primary spring-loaded- system for both the -air and electrical _
final seating.pressu:é. In addition, the electrical contacts = -
‘are ‘individually spring-loaded to maintain electrical continuity -
regardless of relative movement between the coupled "F" heads.
Four butt-faced electrical contacts are spaced concentrically
with the air seal on an approximate 4-inch diameter circle.

The face of the connector could accommodate four additional con-
tactors and still have adequate space for individual insulators
of approximately 1.25 inches outside diameter. This electrical
connector system does hot’have‘a system of sequencing or cover
protection. - o ‘ e IR e,

3) .Concept 511lc: 'This electrical’connector is used in
conjunction with -the airline connector, Concept 511lb, which
contains sufficient gathering and centering to operate with a
Type “E" coupler system. This system uses butt-type electrical
cbntacts, which are held in place by the forward thrust of a
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rubber ball universal and compression joint, which also.serves
the air connector system. The reliability of the electrical
contacts is questidnable without Having a separate spring-loaded
contact system. This concept contains an environmental cover
over the electrical contactors, which is levered out of the
way by the action of the two air connectors coming into mating.
This cover is as vulnerablé to potential céupling damage as

is the “rigid“ type of electrical connector covers. The redeem-—
.ing feature of this cove:¥1eyering operation is that it is
utilized on a relatively small electrical connector system and
is located very close to the vertical centerline of the coupler
head, thus reducing the potentiéllfor damage from wide angle
couplings.

4) Concept 1200: ' This concept consists of an add-on
electrical unit to be attached to a separate air connector sys-
tem (such as Concepts 511b,'or 22). The final. seating action
of the. air connector gétherihg mechanism operates a valve in
the face of the air connector unit. This valve then channels
air line pressure (as. quickly as it becomes available) to actuate
a piston which thrusts the set of contact pins forward into
electrical mating position. Loss of air pressure immediately
causes the electrical contacts to retract and disengage. The
primary disadvantages noted with this concept-afe the complexity
of the air valve system and the potential difficulty of environ-
mental grime interfering with the proper sliding forward of
the contactor cylinder. 1It is believed that by clustering the
eleétrical contacts around the'aif connector seal a more uniform
seating of the electrical contacts would result. However, the |
application of separate air cylinders should allow this concept
to maintain good electrical contacts.
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4.2.4.4 Train Sensing and Control Systems

The concepts concerning sensing systems mere almost uni-
veréally‘related to the potential for such'eensing systems as
part of a train electrical system. The potentlal here is almost
infinite and is a function of the amount of money which is to
be spent in the sensing equlpment " In rapld transit appllcatlons,
the sensing systems were spec1f1cally ‘aimed at detection of
proper coupllng and proper braklng conditions within each

individual car.

The concepts concerning control systems can best be review-
ed in terms of the increasing comblexity of'the‘type of control
established. ' In this sequence, coupling concepts included:
brake control; single car uncoupling general uncoupling;
operating of uncoupllng and air valves- operating of uncoupllng,
air valves,” and centerlng dev1ces-‘and total loglc and control

1

system.

1) Brake Control (Concept" 45b) ‘This Vacuum>controi
system would requlre a completely separate pneumatlc line under
vacuum conditions. It is considered -an unreliable concept ‘for
application in freight trains because of ‘the difficulty in ‘
maintaining a nonfluctuatlng vacuum throughout many 1nter-car

connectlons. ‘

2)- Single Car Uncoupling (Concept 502c): This concept’
included electric control and operation of a single solehoid un-
coupling system on the first car béehind the locomotive. As'such;'
it was not a universal system and was not- deemed to be appllcable

to a full frelght train. -
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3) General Uncoupling (Concept 1045): This system consist-
ed of a locomotive contrbl box with individual control boxes in
.each freight car. The system operated through a network of
selecting switches, stepping switches, relays, four individual
circuits thxqugh'the car system, and operating switches and
- relays within each car. This concept, although valid, utilizes
rotating ‘and latching mechanical electrical switching devices
Which are sﬁbject to vibration and mechanical operational prob-
lems. Other solid sfate'control devices are‘seen to be more
v'appropriate for this type'of application.

4) Operation Of Uncoupling And Air Valves (Concepts 33,
36, 301lb, and 450a): These systems use electrical controls to

operate electric solenoid valves and'linear actuators.

5) Operatibn of Uncoupling, Air Valves, And‘Centering’
Devices'(Concepts 27, 254, 503a, and 51la): These systems add
- the concept of controlling the centering device by engaging a
‘latching lever or operating valves to activate air centering.
Concept 51la utilizes an electrical device. In the other three
conéepts, and elec;roppeumatig control system is utilized to

energize the valves for air-operated centering devices.

6) Total Logic And Control System (Concepts 387, 450a, and
452): These systems all use solid state electronic multiplexing
sensory and control systems which utilize a master control system
"'in the locomotive and individual logic and control boxes within
each freight car. This type of sensing fequires a minimum of
electgical interconnection lines (approximately five) in order ‘
to accomplish sensing and control functions relating .to individual
car uncoupling, air valve operation, centering devices, as well
as having the potential for sensing inputs. These solid state
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systems require a low electrical power transmission used to oper-
ate pilot valves which switch air pressure to accomplish all
force functions. o

4.2.4.5 'Improve Operational Safety

Some elements of improvement and operating safety are
inherent in each of the concepts which have been reviewed. These
can be summarized into-three basic areas of Safety‘imprdvement
as follows: ‘ ‘ '

1) Direct improvement of safety of operating personnel.
This is accomplished by automatic air connections, ‘automatic op--
eration of air valves, and remote operation of uncoupling apparatus.

2) Indirect improvement in safety for operating éeksonnel
by reducing bypass probability. This is accomplished through’
improved gathering range of coupler héad, automatic positioning
of the coupler head, and provision for the knuckle to be auto-
matically opened with the uncoupling operation. :

3) Direct improvement in operating safety ﬁhroudh'a lower-
ing of derailment probability. This is accomplished through
reduction of free slack, interlocking of coupler heads, -entrap-
ment features to hold a mated broken coupler head, and reduced
contour angling potential. '
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5. CANDIDATE COUPLING SYSTEMS
5.1 BASIC PHILOSOPHY

In order to establish the candidate coupling systems, it
is necessary to define the basic functional goals to be achieved
by the new coupling systems. It seems reasonable to define the
ultimate fully automatic coupler as any coupler system which
will, without any manual assistance, couple two or more freight
cars ‘mechanically, pneumatically, and (if necessary for full
system automation) electrically. Moreover, this fully automatic
coupler system should maintain the cdupled integrity with high-
est reliability through all reasonably anticipated service
~ operating conditions.

One of the prime requisites of the fully automatic coupling
system musﬁ be the ability of the two mating coupler heads to
come together, without any previous manual guiding of the cou-
pPler head, in such a way that first-time coupling is assured.

It is thus‘fundamental that the ultimate autdmatic coupling sys-
tem should include provisions to preclude the possibility of a

bypass or miscoupling for any reason.
5.2 .DEGREE OF AUTOMATION -

It should be recognized that not all of the desired charac-

teristics of a fully automatic coupler system are currently

embodied in any one new concept or system. The ultimate coupler

system can be achieved on1y_thnough_impnovements_ihﬂpresent_basic______;______
coupling subsystems or in the addition of new subsystems which

give greater capability than that available with the present Type

"E" coupler system.
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To establish new candidate coupling systems, three basic
subsystem areas were defined: coupling and uncoupling capa-
bility, air connection and brake valve system control, and ‘
full train line electrical systems and controls. The extent
of the overall coupling system improvement will be a function
of the degree of automation brought about by improvements to
individual concepts as they are applied to each of the sub-

systems noted above.

None of the candidate coupling systems contain all of the
potential degrees of improvement or automation which is possible
in light of current technology. Each of the candidate'coupling
systems noted below, however, when taken through the suggested
change steps, does represent a potential for achieving a fully
automated coupler system which approaches the ultimate desired
system. '

5.3 PRELIMINARY CANDIDATE COUPLING SYSTEMS

Three different coupling design concepts were established
as the basic coupling approaches on which to build three candidate
coupling systems. These three basic coupling concepts are:

1) Free knuckle type coupler, which is fully compatible
with (and a modification of) the present Type "E" coupler system.

2) Semirigid, spread-claw design, which is not compatible'
with the present Type "E" system but which repfesehts the best of
the concepts utilized in the UIC European synthesis freight car
coupler designs and in the majority of mine car applications.

3) Rigid, flat-faced, horn-funnel design, features of most
current rapid transit systems and some passenger service appli-
cations. '
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The realization of the potential for the full candidate
coupling system is achieved through major change steps. These
changes are based on a logical increase in system capability and
degree of automation. In addition, the change steps take into
consideration the system operating problems which would be in-
volved in the retrofit program associated with these changes.

Listed below is a general description of the three candidate
coupling systems and the change steps associated with the realiz-

-ation of each.

5.3.1 Compatible System #1

- This system is based on utilization of modifications to the
basic types "E" and "F" coupler head systems while maintaining
the basic free knuckle coupling'concepts and a total compatibil-
ity with all current U.S. freight lines.

5.3.1.1 Basic System 1-1A (Basic Subsystem for Short Cars)

This subsystém concentrates on changes to the Type "E" cou-
pler head to‘increase gathering range, reduce free slack, achieve
more positive locking of the coupler head, attain capability for
vertical interlock and broken coupler entrapment, improve self-
centering capabilities of draft gear, and ensure knuckles alQays
being open following uncoupling.

. 5.3.1.2 Basic System 1-1B (Basic Subsystem fbr Long Cars)

This subsystem is primarily designed around the needs of the
meaium-length and longer cars, which require a longer coupler
system length with its associated requirements for interlocking

of the coupler head to achieve reduced contour angling. This
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subsystem centers on modification of the Type "F" interlocking
head to achieve the following basic improvements: increased
‘gatheéring range; achievement of positive locking, attainment
of vertical interlock and entrapment of broken couplers for
mated ‘coupler heads; reduction of free slack, maintenance of
pdsifidning of thé coupler head, and achievement of a knuckle
open capability for the uncoupled units. o '

5.3.1.3 System Change 1-2 (Applicablé to All Cars)

- This chanhge includes the addition of an automatic ‘air
"connection®and valve control ‘system. ‘The automatic air connec-
tion unit is couplér mounted'and achieves connection of the
“air’system below the' coupler head. Salient features of this -
change'aré automatic air connection with coupling, automatic
air valve control, push-button uncoupling-capability from side
of car, and provision for automatic control of train braking as
a function of“intentional or unintentional uncoupling action.
This system retains the air hose/glad hand connection capability
"so that no adaptor system is required for a "mixed" car
situation. ' o ’ ' )
5.3.1.4 System Change 1-3 (Applicable to All Cars)

This change adds an electronic and electropneumatic control
system for additional capabilities above those ‘achieved by" the
"~ basic subsystems with the Change 1-2. ' The primary elements of
this system are: * the addition of an eléctrical conhector ‘sys-
tem to the already-attached air connector, {hejaddition of an
eléctropneumatic ‘control’ system within each car, and the addi-
tion of an electronic multiplexing sénsing and control system
with master unit in the locomotive and logic systems- in ‘each

car.
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This final change would add the following capabilities to
the total coupling system: automatic engagement control of the
 positioning device, selective car uncoupling capability from the
locomotive, time delay provisions for setting brakes after in-
tentional uncoupling, and proviéion_for the potential for multi-~
ple sensing and control function thfough an electrical line and
connector system. |

5.3.2 §System #2

This system is based on the UIC version of a simplified
Willison coupier‘with a hinged hook design. This system offers
potential for an extremely wide gathering range and greater
capability for uncoupling -in draft while achieving‘the,poten;ial
for integral air and electrical connections with a limited
number of circuit capacities.. '

Basic System 2-1 (Applicable to All Cars)

- The basic system contains the primary coupling features with
automatic air connection and valve control. Specific capabil-
ities offered with this system include automatic air connection
with coupling, automatic mechanical air véiﬁe operation, improved
lateral and vertical gathering of approximately four times that
of the Type "E" system, positive locking of mated couplers, re-
duced free slaék,.vertical interlock'and entrapment for broken
couplers of mated units, automatic centering of coupler, uncoup-
.ling capability from push button located at side of car, some
uncoupling capability in draft, knuckle always open after un-
'coupling, possiBility to manually lock out couplérs to prevent
coupling, and automatic control of braking under intentional or
unintentional uncoupling situations.
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This system does require the use of an air hose/glad hand
adaptor in addition to a coupler head adapter unit when used in

"mixed" car coupling situations.

5.3.3 System #3

This system is based on railroad adaptation of a proven
rapid transit version of the Tomlinson coupler system which
offers a capability for an increase in gathering range of
approximately 2.5 times the Type "E" system, and the potential
for addition of large numbers of electrical circuits for a

sensing or control system.
5.3.3.1 Basic System 3-1 (Applicable to All Cars)

The basic system contains all of the coupler mechanical
features as well as an integral air connector and valve control
system. Features of this system include automatic air connection
with coupling, automatic mechanical air valve operation, improved
lateral and vertical ranges, positive locking of mated couplers,
complete elimination of free slack, vertical interlock and trap-
ment of broken couplers, reduced contour angling, automatic
positioning, provision to initiate uncoupling from a push button
at the side of the car, some uncoupling capability in draft,
knuckles always open after uncoupling, and automatic control of

setting of brakes with intentional or unintentional coupling..
This system requires an air hose/glad hand adapter unit

plus a coupler head adapter unit when used in "mixed" coupling

situations.
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5.3.3.2 ©System Change 3-2 (Applicable to All Cars)

This change incorporates the addition of electropneumatic
and electronic control systems which add the same capabilities
as described for System Change 1-3. In addition, this system
allows provisiohs for a great number of electrical circuits
(perhaps up to 100), should this be determined to be a desir-

able capability for later sensing and control systems.
5.4 PRELIMINARY ENGINEERING ANALYSIS

A preliminary engineering analysislof the various indivi-
dual concepts was included in Section 4. The features and A
Caéabilities of each coupling system represent the total of the
capabilities of the contained concepts within each system with
some interaction modifications. An engineering summary of the
combined features of the preliminary candidate couplihg systems
are included in Tables 5-1 through 5-8. The format for presen-
tation of the three candidate systems is as follows:
1) Compatible System #1 '
(a) Basic System 1-1A, Short Car
(b) Basic System 1-1B, Long Car
(c) System Change 1-2, Addition of Air Connector
and Valve Control System ' ' _
(d) System Change 1-3, Addition of Electrgpneumatic
Control System o : ' ' o
2) Noncompatible System #2, Semirigid, Spread-Claw
(a) Basic System 2-1
(b) System Change 2-2, Addition of Electropheumatic
Control Systems _ :
3) Noncompatible System #3, Rigid, Flat-Faced
(a)‘ Basic System 3-1
(b) System Change 3-2, Addition of Electropneumatic
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Control Systems

These tables are structured to show the following ana1y51s
about each candidate coupling system:

1) 0perat10na1 characterlstlc 1mpoved or mod1f1ed by
this coupling system.

2) . Concept description and operating features.

3) Primary bibliography reference number.

4) Possible alternate design realization bibliography
reference numbers.

5) Estimated quantitative values of imprdvement.

5.4.1 pPrincipal Operating Features

Listed below are the pr1nc1ple operatlng characterlstlcs
and features of each of the .coupling systems and the changes
made. )

5.4.1.1 Combatibie System. #1

. This system is built ‘around concepts which are totally
compatible with the present Type "E" coupler system. For the
two basic systems and eaéh‘of the two systém changes, there
would be no requirement for .separate adapters.inAorder-to make
this system compatible when used in a "mixed" car systeﬁ.

Pertinent operating features of the systems are as follows{'
1)_vBasic;System,1—1A, Short Car (Table 571)f
Thé.Basic Short Car System 1-1a is built arouhd‘the'pépa—
bilities of the standard Type "E" coupler héad-withnchanges'to

add a top and bottom shelf with guard-arm extensions,‘changﬁng
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TABLE 5-1.-CANDIDATE COUPLING SYSTEMS - COMPATIBLE SYSTEM NUMBER 1-1A (BASIC SHORT CAR SYSTEM)

{IMPROVE GENERAL SYSTEMS

BIBLIOGRAPHY
. REFERENCE NUMBERS

ESTIMATED

OPERATTONAL CHARACTERISTIC ’ QUANTITATIVE

WITHIN THE OVERALL POSSIBLE VALUES OF
COUPLING SYSTEM CONCEPT DESCRIPTION PRIMARY ALTERNATE IMPROVEMENT

IMPROVE MECHANICAL COUPLING
Automatic Engagement
Lateral Gathering Range . Coupler knuckle contour -change. 501 502 6.875" (1.7 x
_ standard)

Vertical Gathering Range . . Guard arm extension faces on top and bottom shelves. 702 Approximately 6"

(2 x standard)

Positive Locking . Compatimatic* coupler head (positive mechanical rotas 502
' tion of lockset by force of mating coupler head).

Positive Retainment : _
Wilder Coupler Speed Range . Compatimatic* coupler head with mechanical 502

) forced unlocking.
Reduced Free Slack . Revise front shape of knuckle (add 5/64" to 501 0.625" (0.8 x
front face). standard)
Vertical Interlock and Broken |. Top and bottom coupler shelf (self-interlocking 54 ~ 702
Coupler Entrapment to prevent both top and bottom slip-over). :
Location Control
Self Centering . Self centering draft gear/shénk design (draft gear 26 1,151 +2" (0.6 x
' ] compression forces act to bilas shank laterallyg. standard)
Reduced Maintenance |. Lubrication fittings at coupler head and shank 503

wear points.
IMPROVE MECHANICAL UNCOUPLING
Recoupling Capability

Knuckle Always Open . . Compatimatic* coupler head (knuckle is spring 502
loaded in open position when uncoupled).

Operational Safety . Blunt and round front edges of coupler and shelves 54 Estimated 60%
(reduced possibility of rupture of tank car in reduction of
~ derailment situation). rupture probability
ADAPTER TO MAKE COMPATIBLE WITH . Not required. N/A

AAR TYPE “E" SYSTEM

Note: (*) Developed by National Castings Division,
Midland Ross Corporation.




of the knuckle contour, and révision of the front shape of the
knuckle. These basic changes result in the improved capabilities
of increased lateral gathering range to 6.875 inches, increased
verti¢al gathering range to approximately 6 inches, reduced

free slack to 0.625 inch, and vertical interlock to prevent

the slipover of mated type "E" couplers and -to entrap a broken
mated coupler. The capability of increased gatherind is &dugmented
by the addition of self-centering draft.gear which use:the force
of the compressed draft gear to bear on an offset in the shank
to force recentering of the shank to within .2 inches of center.
The combination of an'increase‘in-lateral'gathering to 6.875 .-
inchés with self-centering should properly align couplers

for mating under almost 'all switching operations.

To achieve absolute coupling capability, a change to the
Compatimatic* coupler head has been added. This concept keeps
the knuckle of an uncoupled’unitfihothe open -position by the ‘use
of a preloading spring device. The Compat1mat1c* concept includes
a "sensing mechanism" that d1sengages the knuckle - ‘open feature
upon mating with-another coupler. The Compatimatic* -also assures’
positive locking by a mechanical rotation of the lockset by the
force of the mating coupler head. :

The Compatimatic*:coupler concept, similar to the standard -
Type "E" system; has a minimal capabilitj'for»uncoUpling in
draft. The basic design of the free knuckle type of coupler is
such that a draft or tension force on the knuckle.causes the
pivot arms to squeeze ‘against the locking mechanism of the coup-
ler. Since uncoupling 'is-initiated by mechanically lifting.:the-
lock up and- away from the rear of "the knuckle; -the forces applied !~
by’ draft-are such’that this type of coupler essentially cannot
be uncoupled in draft.

Note: ' (*)  Developed by National Castings Division, Midland

Ross” Corporation.
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Two other features included in this coupling system relate
to reduced maintenance and improved safety. Field reports indi-
cate that a light greasing of the locking components exerts a
greater influence on iocking and unlocking reliability than does
surface roughness of the locking pieces or other environmental
factors. Thus, lubricated fittings are added at strategic .-
points in the couplér head and shank wear points:

Recent safety tests have indicated that the leading edges
of overriding couplers could act like.a "pdhch"_to.pierce a tank
‘car head during a derailment situation. This coupling system :
has an added concept of blunting and rounding the front edges of
a coupler  and the added shelves to .increase safety.

2) Basic System 1-1B, Long Cars (Table 5-2)

This coupling system is built around the same basic concepts
as the Short Car System:1-1A except that it utilizes the Type
"F" interlocking coupler head as the basic unit. As previously
' discussed in Section 4, long cars require an interlocking coupler
head in order to reduce the contour angling which would otherwise
occur with the required long shank. The Type ngn coupler head
with the double shelf addition is still inadequate in terms of
needed interlocking for the long car coupler head.-

The reguiaf bell-housing for the long shank couplers allows
a lateral movement of approximately plus or ‘minus 15 inches at
the coupler head. Even if absolute centering were achieved for
the coupler, the 6.875 inches lateral gathering offered with this
‘system would be inadequate to cover the approximately -15 inches
of offset, which is possible as cars approach tangent at cross-
overs or maximum curvature points. This candidate system there--.
>fore utilizes a positioning device to steer the coupler head
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TABLE 5-2.-CANDIDATE COUPLING SYSTEMS - COMPATIBLE SYSTEM NUMBER 1-1B (BASIC LONG CAR SYSTEM)

BIBLIOGRAPHY
REFERENCE NUMBERS
ESTIMATED
OPERATIONAL CHARACTERISTIC QUANTITATIVE
WITHIN THE OVERALL POSSIBLE VALUES OF
COUPLING SYSTEM CONCEPT DESCRIPTION i PRIMARY ALTERNATE IMPROVEMENT
IMPROVE MECHANICAL COUPLING
Automatic Engagement
Lateral Gathering Range Coupler knuckle contour change. 501 502 6.875" (1.7 x
. standard)
Vertical Gathering Range . Type "F'" interlocking coupler head. 428 4,5" (L.,5 x
standard)
Positive Locking . Compatimatic* coupler head (positive mechanical rota- 502
tion of lockset by force of mating coupler head).
Positive Retainment '
Wider Coupler Speed Range . Compatimatic* coupler head (with mechanical
. forced unlocking). - 502
Reduced Free Slack . Revise front shape of knuckle (add 5/64" to
front face). 501 Approximately 0.3"
(0.4 x standard)
Vertical Interlock and Broken
Coupler Entrapment . Type "F" interlocking coupler head (interlocking 428
axrm pocket).
. Top couPler shelf (to prevent top slipover of 52
type "E" mated couplerg.
Location Control
Reduced Contour Angling . Type "F'" interlocking coupler head. 428 Lateral = 3,75°
rocking o
Vertical = 2
rocking, 0.125"
- sliding
Automatic Positioning . Hydraulic, direct guided coupler positioning device. 31 Eliminate estimated
_ 907 of bypasses
. Vertical spring carrier system. 25
Reduced Maintenance . Lubrication fittings at coupler head and shank 503
wear points.
Note: (*) Developed by National Castings Division,
Midland Ross Corporation.
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TABLE 5-2.-CANDIDATE COUPLING SYSTEMS - COMPATIBLE SYSTEM NUMBER 1-1B (CONTINUED)

BIBLIOGRAPHY
REFERENCE NUMBERS

AAR TYPE "E" SYSTEM

Note: (*) Developed by National Castings Division,
Midland Ross Corporation.

. ESTIMATED
OPERATIONAL CHARACTERISTIC QUANTITATIVE
WITHIN THE OVERALL - POSSIBLE VALUES OF
COUPLING SYSTEM CONCEPT DESCRIPTION .PRIMARY ALTERNATE IMPROVEMENT
IMPROVE MECHANICAL UNCOUPLING
Recoupling Capability
Knuckle Always Open . Compatimatic* coupler head (knuckle is spring loaded 502
- in open position when uncoupled).
IMPROVE GENERAL SYSTEMS
Operational Safety Blunt and round front edges of coupler and top 52 Estimated 60%
shelf (reduced possibility of rupture of tank reduction of rupture
car in derallment situation). probabilicy
ADAPTER TO MAKE COMPATIBLE WITH'
. Not required. N/A




toward the center of the tracks. The combination of this
positioning device and the built-~in lateral gathering range of
6.875 inches should result in an elimination of approximately 90
. percent of bypass situations involving long cars.

The knuckle contour change and Compatimatic* head concepts
are the same as for system 1-1A. This system also includes a
tép coupler shelf which is required to prevent top slipover of a
Type "E" coupler which would be mated to this.Type "F" coupler

system.

3) System Change 1-2, Addition of Air Connector and
Valve Control System (Table 5-3) 4

As the next significant step in increasing the degree of
automation, this system-change adds an automatic air connector
and valve control system to the basic candidate coupling systems
1-1A and 1-1B.

The air .connector system chosen for'this candidate system
is the coupler mounted, spread-wing type with butt facing air
seals. The air connector has built-in 5-inch lateral and
4-inch vertical gathering range such that it will operate
satisfactorily when mounted independently with the Type "E"
system 1-1A as well as with the Type "F" system 1-1B. A simpler
air connector system could have been chosen for application
on the Type "F" equipped cars; however the use of one standard
air connector system is believed much superior for both economy
of production and ease of making effective air connections
between "mixed" cars. The proposed air connector system,
in addition, haé already been subjected to several years of
field trials and has a proven potential to meet all general
service requirements, . ‘

Note: (*) Developed by National Castings Division, Midland
Ross Corporation.
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TABLE 5-3.-CANDIDATE COUPLING

SYSTEMS - COMPATIBLE SYSTEM NUMBER 1-2 (ADDi’I_.‘ION OF AIR CONNECTION AND VALVE CONTROL SYSTEM)

BIBLIOGRAPHY
. REFERENCE NUMBERS
. : . ESTIMATED
OPERATIONAL CHARACTERISTIC . ) . ' QUANTITATIVE
WITHIN THE OVERALL - - POSSIBLE VALUES OF
COUPLING SYSTEM CONCEPT DESCRIPTION PRIMARY ALTERNATE IMPROVEMENT
IMPROVE TRAIN AIR LINE SYSTEM \
Automatic Control .
Automatic Air Connection . Automatic air comnection system with 22 511, 502 Lateral = 5“5
’ ; horizontal articulation capability. 1,192 . |Vertical = 4"
- . Angular = 70
Automatic Air Valve Control . Automatic mechanical air valve operation 22 '
(mechanical push rod in face of alr connector
initiates-valve action).
Improved Performdnce - ' ]
Alr Seal Leak Rates, Hose . Automati¢ air connection system. 22
Reliability and Reduced -
Maintenance .
IMPROVE MECHANICAL UNCOUPLING ~ ’
Uncoupling Capability ) )
Push Button Release . Remote uncoupling button at side of car (opens 674
' air valve). .
. Hydraulic uncoupling operating mechanism (direct 943
pneumatic operation of standard uncoupling linkage).
|IMPROVE GENERAL SYSTEMS : ' ‘
Automatic Train Brake Control . Provide for nonbraking (retention of air) after 22
intentional uncoupling. :
. Provide for emergency braking after unintentional
uncoupling (immediate release of air). (Operation
) of uncoupling lever initiates valve action.) )
IADAPTER TO MAKE. COMPATIBLE WITH . Alr hose/glad ‘hand connection capability retained 22
AAR TYPE “E" SYSTEM (on opposite side of coupler head) - no other
: adapter required.




The air valve control system is integrated with the air

connector system to achieve automatic mechanical operation of
the air valves as part of the coup11ng and uncoupllng operatlon.i
This air valve control system consists of a low pressure line
interface valve} a main air line valve (operated from a 1low pres—
sure puffer cylinder), and an uncoupling valve operated byvthe —
standard uncoupllng 1ever. The basic operation of this system
1s as-follows:’ : B R : R

(a)° As the mechanical couplers are brought together
to couple, the train line connectors gather and seat w1th the '
opp031ng air connector.. The prlmary airline and pllot a1r11ne
seals aré butt faced and are pushed back ‘against a loading spring
which assures intimate contact for air pressure seal and reten-
tion during all normal service conditions.  Coincident with
final ‘coupling, the actuator plunger on the face of each connec-
tor is contacted and depressed by the flat opposing connector
face. This plunger operates a flexible cable or hydraulic line
which opens the control valve (low pressure) which allows the
low pressure ‘to operate an 1nterface valve whlch opens ‘the main
train airline valve. s

(b) Uncoupling is initiated by the use of the standard
uncoupling lever. .Just ‘aftér the mechanical coupler lock has
reached the lock-set position, the uncoupling rod actuatés an
uncouplirg valve which, working in conjunction with ‘the pilot
line system, closes thé ‘train main airline valve. In the event
of an unintentional uncoupling, the main airline valves' rémain - -
open to achieve an- automatic setting of emergency brakes at the
parting of the couplers. ‘

(c) When coupling this air-connector equipped system
to a nonequipped car, the coupling procedure is essentially
identical to- the current coupling practice. The only difference

PR
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is that the angle cock on an air-connector equipped car is relo-
cated to the left hand side of the coupler so that the hoses are
coupled directly across, eliminating any possible interference
with the air connector head. Similarly, uncoupling (between
mixed system cars) is carried out with the normal current
procedure.

This candidate coupling system also includes the potential
for a remote uncoupling release capability. This is accomplished
by the addition of an uncoupling push button at the side of the
car which works in conjunction with a pneumatic uncoupling oper-
ating mechanism thCh operates the standard uncoupling linkage.

This system retains a standard air hose/glad hand connection
capability (located on the opposite side of the coupler head),
which precludes the need for an interchange device should the
air connector equipped car be coupled with a "mixed" car.

4) System Change 1-3, Addition of Electropneumatic
Control System (Table 5-4)

This change. adds: an électrical«connector system .(as a
rigid part of the air connector unit); an electropneumatic
servo control system at each coupler; an electronic, solid-state
multiplexed sensing and control system (master system in loco-
motive and logic system in each car); and an optional microwave
receiving and control system in the locomotive should remote:
operation be desired.

The electrical connector system is rigidly attached beneath
the air connector head such that the primary forward thrust for
the electrical connector is obtained by the spring-loading
mechanism of the air connector unit. The electrical contactor
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TABLE 5~-4.-CANDIDATE COUPLING SYSTEMS - COMPATIBLE SYSTEM NUMBER 1-3 (ADDITION OF ;ELECTRO- PNEUMATIC CONTROL SYSTEM)

BIBLIOGRAPHY

. _REFERENCE NUMBERS .

ESTIMATED
OPERATIONAL CHARACTERISTIC . QUANTITATIVE
WITHIN THE OVERALL POSSIBLE VALUES OF
COUPLING SYSTEM CONCEPT DESCRIPTION PRIMARY ALTERNATE IMPROVEMENT
IMPROVE MECHANICAL COUPLING
Location Control . Automatic disengagement of centering/positioning 254
i device at coupling and engagement at uncoupling
(electro-pneumatic engagement of positioning
. device 31b).
IMPROVE MECHANICAL UNCOUPLING
Uncoupling Capability . Electro-pneumatic control system to initiate 254
: uncoupling from electric signal within train (to
operate pneumatic uncoupling mechanism Number 943).
IMPROVE GENERAL SYSTEMS
! Automatic Train Brake Control . Provide time delay set provisions for brakes after 254
RN Lo . intentional uncoupling (from electrical signal to
timing delay system in pneumatic uncoupling
control 245¥. . i .
Electrical Train Line System . Add electrical connector system (rigid attached 1,200 502
: at bottom of air cqnnectop¥.
. Alr piston sequencing of contractors after 1,200 516, 254
mechanical connection.
N . Up to 6-8 circuits of butt face, spring loaded, 450
rotating type.
", Utilize silver plated or silver button tipped 516
contactors. i . .
. Provide mechanical hand back-up contactor engagement. 516
. Provide maintenance removal potential for mated 254 309
contactors. . :
« Provide environmental cover with opening by 301
pneumatic sequencing after mechanical mating
(initiated by coupling push rod).
. Provide nylon hinges for environmental cover. 36
. Provide plastic insulators over environmental cover. 516
. Provide rubber environmental sealing gasket at edge 516

of contactor block.
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TABLE 5-4.-CANDIDATE COUPLING SYSTEMS - COMPATIBLE SYSTEM NUMBER 1-3 (CONTINUED)

BIBLIOGRAPHY
REFERENCE NUMBERS

AAR TYPE "E" SYSTEM

ESTIMATED
OPERATIONAIL CHARACTERISTIC QUANTITATIVE
WITHIN THE OVERALL. POSSIBLE VALUES OF
COUPLING SYSTEM CONCEPT DESCRIPTION PRIMARY ALTERNATE IMPROVEMENT
IMPROVE GENERAL SYSTEMS (CONTINUED
Sensing and Control System . Electro-pneumatic servo control system at each 254
coupler.
. Electronic, solid state multiplexing sending and 452 450, 387
control system (master system in locomotive and
logic system in car).
. Optional microwave receiving and control system 450
in locomotive.
IJADAPTER TO MAKE COMPATIBLE WITH . Not required. N/A




consists of 6 to 8 circuits of butt face, spring loaded, rotating
type silver-plated. contacts which are brought into engagement

by the forward thrust of a piston holding unit. At the time of
mating, the air connector unit makes complete seating with a
mechanical push rod being closed which results in valviﬁg.airg
pressure into a pneumatic circuit which opens the cover from the
electrical contacts and then’ sequences’ the contacts. into position
by energizing an air piston. unit which contains- the electrical
circuits.

A solid-state: electronic multiplexing sensing and control
system is utilized in the locomotive for control of car. uncoup-
ling systems and for potential use as a decoding system for
sensing units which could later be placed in different cars.
This solid-state electronic-control unit would transmit low.
power. signals through the electrical contact circuit using. a-
binary coded impulse control system. In this concept, it would-
not be required to transmit high electrical power signals since
the low power electronic signals would be used to energize servo
units at each car which, in turn, would switch pilot and air ‘
valve systems which would accomplish all forcing or operating
functions from pneumaticipowén. These low power electronic sig-
nals- would. be. picked up by a logic;sensing system located in
each car. . '

The heart of the active control efforts would be accom-: -
plished by an electropneumatic.servo control system located at
the coupler. Circuits in -this unit would be energizéd‘by .
mechanical closure devices (such as a push rod) at the time of
coupling and electrical or mechanical inputs indicating a-
desired intentional uncoupling.

Should it be desired to exercise external control over the
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various uncoupling or braking functions, an optional microwave
receiving and control system would be established in the loco-
motive. It is not believed feasible to interject direct micro-
wave réception into individual car units because this-would

. require an independent power system to be available in each. car
with the associated unrealistic reéuirements for maintenance of
battery power in uncontrolled freight car storage and standby
conditions. With the availabilitonf the locomotive engineer
and the electronic multiplexing sensing and control system in
the locomotive, it is believed more feasible to utilize the
engineer and his. control system as the contact point between the
train and its external program input.’

This electronic and. electropneumatic control system does
not compromise the normal inter-car connection sequence and no.
adaptor units. are required to make this system compatible in-a
"Mixed" car system. '

"~ 5.4.1.2 Noncompatible System #2 .

‘This system is built around the basic coupling concept of
the Willison principle as embodied in the Unicupler design of
the UIC synthesis coupler. This is a semirigid, spread-claw
design fype which incorporates a large gathering range together

with a capacity for internal mounting of air and electrical
connectors.

1) Basic System 2-1, All Cars (Table 5-5)

The Unicupler UIC Synthesis design (Concept 309) retains
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TABLE 5-5.-CANDIDATE COUPLING SYSTEMS - NONCOMPATIBLE SYSTEM NUMBER 2-1 (SEMIRIGID, SPREAD CLAW, BASIC SYSTEM)

v

BIBLIOGRAPHY
REFERENCE NUMBERS |
— ESTIMATED
OPERATIONAL CHARACTERISTIC . QUANTITATIVE
. 'WITHIN THE OVERALL I . POSSIBLE VALUES OF
COUPLING SYSTEM CONCEPT DESCRIPTION PRIMARY ALTERNATE IMPROVEMENT
IMPROVE TRAIN AIR LINE SYSTEM R S
Automatic Control ' ‘ i . PO ) :
Automatic Air Comnection . Spring loaded ‘integral air connection. 503- 448
o . . Double concentric compressible rubber seals. 45
Automatic Air Valve Control . Automatic mechanical air valve operation 22 - 36, 301
: + (mechanical push rod in face of coupler head Lo i
. lnitiates val.ve action)
Tmproved Performance: ’ : . B T . )
Air Seal Leak Rates and . ‘Automatic air connection system. 503 448 !
Hose Reliability A - _ 45
Reduced Maintenance Pivoted rear removal of air connection assembly.. 309 . .
IMPROVE MECHANICAL COUPLING ’ .
Automatic Engagement ; : K . : - : : .
Improve Lateral.and Vertical . Spread claw gathering of .semirigid coupler head 309 |, 457 + 8 " (4.3 x
Gachering Ranges standard) lateral
+ 5.5" (3.7 x
e s L ‘standard) vertical
Positive Locking. . Spring loaded locking hook with Spring energized 309 :
o R . locking mechanism . T ,
Positive Retainment '
Wider ‘Coupling Speed Range . Spring loaded locking hook (positive snap lock 309
at coupling). T
Reduced Free Slack . Cast/forged coupler head with machined . 309 ’
. : seating faces, ’
Vertical Interlock and Broken |. Interlocking gathering claws and locked mated hooks. 309 301 0.3" (0.4 x
Coupler Entrapment . standard)
Location Control
Self Centering . 0.R.E. II cross beam support centering device. 318 41 4+ 1.2" (0.34 x
- standard)
. Vertical spring carrier system. 25
Reduced Contour Angling . Semirigid coupler head with interlocking claws. 309
Reduced Maintenance . Lubrication fittings at coupler head and shank 503
wear points.
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TABLE 5-5.-CANDIDATE COUPLING SYSTEMS - NONCOMPATIBLE SYSTEM NUMBER 2-1 (CONTINUEl))

BIBLIOGRAPHY

REFERENCE NUMBERS

ESTIMATED

adapter knit is required

OPERATIONAL CHARACTERISTIC : QUANTITATIVE
WITHIN THE OVERALL . . POSSIBLE VALUES OF
COUPLING SYSTEM' CONCEPT DESCRIPTION PRIMARY ALTERNATE IMPROVEMENT
IMPROVE MECHANICAL UNCOUPLING
Uncoupling Capability .
Alternate Side Lever, or .. Second uncoupling lever with cable connection. 309-
Push Button Release . Remote uncoupling button at side of car (to operate 674
: air valve in coupler head for uncoupling release)
In Draft . Alr c¢ylinder release of rotary locking block. in 391 33, 9 Up to 8,000 pounds
coupler head (provides force boost for uncoupling ’ draft force
» in draft)
Recoupling Capability” . C . ) .
Knuckle Always Open . Spring loaded locking pawl (spring cocked at unloading). 309
Prevent Recoupling . Manual lock open of locking pawls to prevent 309 457
locking (to allow yard movement without automatic
coupling lock).
IMPROVE GENERAL SYSTEMS .
Aut:omat:ic Train Brake Cont:rol . Provide for nonbréking (retention of air) after 22
intentional uncoupling. ’
. Provide for emergency braking after unintentional
: uncoupling (immediate release of air). (Operation 22
of uncoupling lever initiates valve action.) -
IADAPTED TO MAKE COMPATIBLE WITH . Alr hose/glad hand adapt:er (plus) coupler head 22
AAR TYPE "'E" SYSTEM 301




the same basic Willison coupling profile (i.e., rigid cast -
knuckle with fixed side gathering -claw) but is a larger and
deeper unit such that the gathering forces are completed prior
to the final longitudinal mating of the couplers. Thus there
are straight butt forces involved at ‘the final coupling which
allow for -butt type air and electrical connections 'to be de-
signed as an integral part of the interior of the coupler.

" In addition, the final locking is done by a hinged locking hook
"which requires less lateral movement on the part of the coupler

in ‘order to achieve complete mating. C

"The gathering features are such that it has’ a capability of
"-lateral gathering of plus or minus 8.7 inches and vertical gath-
ering of plus or minus 5.5 inches. Both represent a sighificant
increase of approximately four times over the gatherlng capabil-

ities of the basic Type "E" coupllng system.

The Unicupler ‘has a reduced free slack of approximately 0.3
inch, which 'does ‘allow the;integral mounting ‘0f air and electri-
‘cal connectors so long as they retain the capability of self-
‘seating (i.e., contain compressible rubber air seals and spring
‘back-up loading for both air and electrical). These later
features have been embodied in:the basic-design as concepts

chosen from other coupler systems.

" The spring-loaded locking hooks achiéve a positive ‘snap
lock at coupling which, together with the interlocking gather-
ing élaws, effectively accomplishes a vertical interlock and
entrapment capability for a broken coupler. The location of
-the locking hooks on the upper portlon of the spread-claw area

.7 allows room for the air connection system on the lower center

line of the coupler. This location allows for the removal po-
tential of the air connection assembly from the rear of the
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coupler, thus offering significant opportunities for maintenance
of the air seal assembly even with the couplers in the mated
condition. ' '

With the wide natural gathering of the Unicupler, only a
centering device is required in order for this coupler to be in
a position to make an effective coupling (without bypass) for
virtually all operating situations. It is realized that a posi-
tioning device would still slightly improve the mating potential
for long cars; however, it is belieéved that the nominal decrease
in bypass probability for a small percentage of active freight
cars does not outweigh the potential advantages of having an
identical coupler system on all cars with the associated poten-
tial for standardization of centering control devices.

Although manual uncoupling is provided, the primary un-
coupling force results from air cylinder operation of a.rotary
locking block. This feature provides-a capability for a force
boosting of the uncoupling forces to allow an coupling in draft
of an 8,000 pounds draw-bar pull. This is not a significant
draft force when compared to potential full train situations;
however, this represents a potential for further - automation of
hump switching operations by providing for uncoupling under
nominal draft forces. The use of an air cylinder boost for
uncoupling allows an alternate uncoupling system to be used in-
cluding a button type release at the side of the car. This also
has the potential for significant improvement in trainman safety
in hump-switching operations.

The Unicupler has the feature of the "knuckle" always being
open due to a spring loaded locking pawl which is set at uncoup-
ling. One particularly unique feature of the Unicupler is the
capability for a manual "lock open"” of the locking pawls in order
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to prevent the coupler from locking when it comes into contact
with another coupler. This allows for alternate yard switching
movements in which it is possible to relocate cars without a
‘yardman being present to uncouple the cars after movement has
been completed. h

This system contalns another concept (Cohcept 22) which
“automatlcally opens or closes the main train vaive as a function
of mechanical forces (i.e., movement of a push roaﬁin the face
of the coupler at coupling or operation of the uncoupling lever).
This feature, together with the automatic air connectioa, elimi-
nates the need for a.trainman to go between cars during either
the coupling or- uncoupling operations. ' ‘

The Unicupler, beihg a'nohcompatible system, does require
the use of an . air hose/glad hand adaptervplus a coupler .head -
adapter unit in-order to mate with nonequlpped cars. The air
hose/glad hand adapter is a standard feature embodied in Concept
22, 'This requlres no extra handllng or equlpment on the part of
the . traiﬁmen. On the other ‘hand,’ the coupler head adapter unit
would involve -a. rather compllcated and heavy unit to be securely
attacbed to the face of.the-Unlcupler and at the same time to
have~a front faeingfheadrhnit which would properly mate with the
Type “E":coupler system. During ahy transition period involving
‘a change to this system, a sighificant number of adapter units
would be required throughout the railroad system as well as a
change in procedures to fit the adapter units to those oars which
are to be placed into "mixed" rail service. |

2) System Change 2—2, Addition of Electropneumatic Control
System (Table 5-6) ' ' :

This system embodies-all of the ooncepts as related in
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TABLE 5-6.-CANDIDATE COUPLING SYSTEMS - NONCOMPATIBLE SYSTEM.NUMBER 2-2 (ADDITION OF ELECTRO- PNEUMATIC CONTROL SYSTEM)

BIBLIOGRAPHY °

of contactor block.

REFERENCE NUMBERS
: : . ESTIMATED
OPERATIONAL CHARACTERISTIC QUANTITATIVE
WITHIN THE OVERALL POSSIBLE VALUES OF
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